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ABSTRACT 

This^course  in  energy  audits  is  -one  cf  16  courses  in 
the  "Energy*  Teclfnology*  Series  developed  for.  an  Energy 
Cocservation-andrOse  .Technology  curriculum.  Intended  £or  use  in 
two-year  post secondary  technical  institutions  to  prepare 'technicians  > 
,for  employment,  the  courses  are  also  usefu^L  in  industry  fcr  updating 
employees  in'  companyWsponsored  training  program^.  ,Ccmprised  of  11 
.modules;' the  course  overviews  the  purpose,  objectives,  and  irechani^-s 
of  the  energy  audit  process-  Full  background,  and  procedural 
instructions  precede  case  studies  and\  laboratory  practice  in 
auditing.  In  the  final  module  ^he  students  undertake  audit  analyses 
a^nd^reioiirmend  remedial  actions  based  on  analyses  of,  their  practice 
audits/NWritten  by  a  technical  expert  and  approved  by  industry 
representatives,  each  module  contains  the  following  elefcents: 
introduction,  prerequisites,  objectives,  subject  matter,  exercises, 
laboratory  .materials,  laboratory  procedures  - (experiment  section  for 
hands-on  portion) ,  data  tables  (included  in  most  basic^  courses  to 
help  students  learn  to  collect  or  organize  data) ,  References;  and 
glossary.*  ModiiJ^  titles  are  Tctal  EnergyManagement^  Elements  of  an 
Energy  Audit,  Energy  Audit  Procedures  and  Analyses,  Euilding  Systems, 
Lighting  Systems,  'Auditing  HVJIC  Systems — Parts  I  and  II-,  Auxiliary 
Equipment  Systems,  Process  Energy  Systems,  Applications  of  Sol^r 
Energy,  and  Energy  Audit  Workbook.    <YLB)  *  . 
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PREFACE 

*,  * 

AB^UT  ENERGY  T€CHNOU0GY  MODULES 

The  modules 'were  developed  ^y  CORD  for  use  in  tWo-year  postsecondary  technical  institutions 
to  prepare^  technicians  for  employment  and  are  useful  in  industry  for  updating. employees  in  company- 
sponsored  trartning  programs.    The  principles,  techniques,  and  skills  taught  in  the  modules,  based 
on  tasks  that  energy  technicians  perform,  were  obtained  from  a  nationwide  advisory  committee  of 
employers  of  energy  technicians.    Each  module  was  written  by  a  technician  expert  and  approved  by 
'representatives  from  industry. 

A  module  contains- the  following  elements:  .        •  ' 

Introduction,  which  identifies  the  topic  and  often  includes  a  rationale  for  studying  the  material, 

Prerequi si tes ,  which  identify  the  material  a  student  should  be  familiar  with  before  studying  the 
module.  • 

Objectives^  wthich  clearly  identify,  what  the  student  is  expected  to  know  for  satisfactory  module 
completion.    The  objectives,  stated  in  terms  of  action-oriented  behaviors,  include  such  action 
words  as  operate,  measure,  calculate,  identify,  and  define,  rather  than  words  with  many,  interpre- 
tations-such as  know,  understand,  learn,*  and  appreciate*. 

*■  ^ 

Subject  Matter,  which  presents  the  background  theory  ar*d  techniques  suppoj^trv*e  to  the  objectives  4 
of  the  module.    Subject  matter  is  written  with  the  technical  student  in  mind.^  x  v 

Exercises ,  which  provide  practical  problems  to  which  the -student  can  apply  this  new  knowledge. 

> 

Laboratory  Materials,  which  identify  the  equipment  required  "to  complete  the  laboratory  procedure. 

Laboratory  Procedures ,  which  is  the -experiment  section,  or  "hands*-on"  portion,  qf  the  module 
(including  step-by-step  instruction) designed  to  reinforce  student  learning. 

Qata  Tables,  which  are  included  in  most  modules  for  the  first  year  (or  basic)  courses  to  help 
the  student  learn  tiow  to  collect  and  organize-data.  0 

■ .  •  -     :  / 

References,  which  are  included  as  suggestions  for  supplementary  reading/viewing  for  the  student. 

    ■  -    .     _  -  -  * 

Test,  whi ch  measures"  the  student's  achievement  of  prestated  objectives*. 
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CENTER  FORnDUCOPATIOnXL  RESEARCH  AND  DEVELOPMENT 


INTRODUCTION 


This  module  introduces  the  energy  audit  within ^the  con- 
text of  total  energy  management.     "Total  Energy . Management" 
begins  with  an  overview  of  fundamental  energy  use  systems,' 
the  basics  of  heat  loss  and=^ain,  major  energy  use  systems,, 
and  the  energy  use  characteristic's  of  .specif  ic  building 
types.     There  is.  also-a  discussion  of  utility  company  bill- 
ing procedures  and  of  the  components  of  the  utility  energy 
bill.  ' 

 PREREQUISITES 

The  student  should  be  familiar  with  energy  conservation 
,  principles^.  ^  * 

■    OBJECTIVES 

tfpon  completion  of  this  module,  the  student  should  be  \ 

able  to:  ■  * 

1.  Describe  the*  interrelationships  between  the  fundamental 
^building  systems  -  ene'rgized,  non-energized,  and  "human. 

2.  Define  and  descrjlb-e  a'  building '  s  major  energy  use  system, 

3.  Explain  utility- company  energy  bills  and  ^billing  proce- 
dures. ^  '  I 

4.  Convert  raw  energy  consumption  data  iirt3  an  Energy  Utili- 

zation  Index\  .  „ 
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TOTAL  ENERGY  MANAGEMENT  AND  THE  ENERGY  A.UDIT 

•  *  > 

Energy  auditing  has  much  in  common  with  other  types  of 
auditing.     The  auditor  is  a^specialist  who  understands  all 
parts  of  a  particular  system:     corporate  finances,  automobile 
'drive  trails,  microcomputer  assembly  lines,  and  so  forth. 
The  auditor  also  understands  how  the  parts  work  together  and 
how  tfciey  affect  each  other.     For  example,  an  accountant, 
through  analysis  of  the  complicated  records  of  a  company's 
revenue,  expenses,  and  ofher  financial  matters,  can  assemble 
a  clear  picture  of  the  company's  fiscal  situation.     On  the 
basis  of  this  information,  the  financial  auditor  can  recom- 
mend ways  for  the  company  to  'operate  more  profitably  —  more 
efficiently. 

In,i:he  same  way,  the  energy  auditor  is  a  specialist  in 
energy  use  and  ctfnservat ion  who  analyzes  the  complicated  ways 
which  a  building  uses  energy.     Based  on  this  analysis,  the 
auditor  ckn  recommend  changes  for  <fee  of  the  building  and  its 
equipment  that -will  increase  energy  efficiency.     These  recom- 
mendations, compiled  in  Na  total  energy  management  plan,  can 
get  the  same  amc^unt  of  work  done  with  ^ess  energy  and  lower 
energy  cost.. 


THE  ENERGY  AUDIT    '  --j 

Energy  audits  have  been  performed  since  humans  began 
using  external  energy  sources.     The  survival  of  prehistoric 
cave  dwellers  must  often  have*  depended  on  getting  the  maximum 
amount  of  warmth  ajid  light  from  a  scanty- supply  of  firewood^.- 
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When  modern  city  dwellers  see  the  pile  of  wood  for  fireplaces, 
shrinking,  t^iey'face  the  same  problem.    Although  most  oi:  to- 
day's energy  consumers  are  not  concerned  with  survival,  ef- 
fective energy  management  usually  means  more  coimfort  and  en- 
joyment .  v  *  ^  > 

j  However^ the  urgent  need  for  trained  , energy  auditofs  — 

especially  qualified  energy  use  and  conservation  technicians  - 
stems  from  a  single,  critical  fact:    inexpensive  energy  is  a 

/ 

c  thing  of-  the  past.    tEach  reduction  in  energy  supply  and  each 
increase  in  energy  cost  makes  energy  conservation  a  mor^  cru- 
cial concern  for  everyone. 

To 'conserve  energy  is  to  reduce  the  amount  erf  fuel  and 
electricity  required  for  a  system  (siioh  as  a  building)  to 
serv^its  intended  purpose*.     Reductions  in  energy  consumption 
save  money.     As  the  pVice  of  energy  continues  to  rise,,  im- 
provemeats  ma.de  how  in  energy  efficiency  (that  is,*  the  amount 
of  'work  .perf ornrethper  unit  of  energy)  will  produce  increasing 
savings.     The^energy .audit  is  the  first  step  tqward  managing  - 

^  energy  with  -maximum  efficiency^. 

T-he  energy  audit  assumes  many  forms.     Some  are  simple;  , 
some  are  complicated.     The  energy  audit's, main  features,  how- 
*  ever ,  are  always- the  same:     it  is  an  evaluation  of  how  a  par; 
ticular  'system .  (such  as  building),  including  bSIV  of  the  en- 
ergy-usipg  ^ystfcms*  it  contains,  uses  aijd/or  wastes  energy. 
The  qualified  energy  auditor  should  be  thoroughly  familiar 
witlv:     (1)  energy  use  and -conservation  technology;   (2)  audit - 

*    ing  procedures  and, processes ;   (3)  the  economics  of  investing 
in  energy  conservation;  and  (4)  ways  to  explain  this  trechni-* 
cal  information  to  building  owners,  managers,  and  operators 
in  a  way  that  encourages  them  to  take  action.  . •  * 
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With  this' information  and  skill,  the  energy  auditor,  can 
recommend  a  total  energy  manageiofnt  plan  for  any  particular  - 
application.     When  put  into  action , I  this/plan  saves  the  .build- 
ing owner/operator 1 s  maney,  and  helps  the  nation  by  conserv- 
ing natural  resdurces  and  reducing .dependence  on  imported* en- 
ergy supplies.  .  *  - 

TYPES  OF  AUDITS  *  :* 

«    Typical  e;nergy  audits  may"  be. classified  in  one  of  thrae 
categories:    "walk- thrpugh^audits ,  mini-audits,  andmaxi- 
audits. 

Walk-Through  Audits*       /  * 

The  walk-through  audit  is  the  quickest  and  least  expen-# 
sive  to  perform  of  all  audits. v    -By  means  of  a  visual  inspec- 
tion, the  auditor  performing  a  walk- through, audi*  can. iden- 
tify preliminary  energy-saving  potential,  determine  mainte- 
nance and  operational  energy-saving  opportunities,  and  col- 
lect- the  information  necessary  to  determine  if  there  *s-a, 
need  for  a  more*  extensive  audit. 

I  Mjuji -Audit's  *  * 

A*  mini-audit  involves  tests  and  measurements  that  detail 
energy  use  and  energy 'waste .     In  addition,  the  mini-audit  in- 
cludes calculations  of  the  economics  of  making  recommended 
energy -efficiency  improvements.  • 
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Maxi -Audits  %"  1  "e '         .  ■  ^ 

%    To  the  walk- through-and  mini -audits ,  'thejnaxi- audit 
•adds  an  analysis  of  the  energy  us^/chara'cteristics  and  energy 
consumption  o£  each  vof- the  building 1 s  ma jor  energyjase  sys- 
tems, such  as  HVAC, *  lighting,  and  industrial  processes.  It 
'is  based  upon  analysis  of  a  model  of  the  building  -  often  a 
computer  simulat^io^n  or(,  detailed  architectural  drawings.  The 
m&xi-audit  analyzes  annual ^energy  use,  and  takes  iato  account 
climatological  data,  %         .   '  , 


OTHER  BENEFITS  OF  ENERGY  CONSERVATION 

In  addition  to  reducing  energy  consumption  and  expense,  • 
there  are^many  ot>her  benefits  that  come  from  effective  energy 
auditing,  conservation,  and  management.     Additional  benefits 
are  the* following :  ' 

•  Extension  of  the  useful  life  of  existing  equipment  and 

*  '  prevention  of  unnecessarily  early  replacement  of  equips 

ment:  1  "    v  .      *  '  » 

.  •   Increase  of  the  reserve -capacity  of -existing  central- 

•  ^electricity -generating  plants  and  the  ability  to  meet, 

future  demands  without  having  to  install  more  generating 
capacity.  -  . 

•  Reduced  likelihood. of  shutdowns  or  cdrtailment  of  opera- 
tions^ue  to  -fuel  or  power  shortages. 

•■  Reduction  -in  p611ution,  which  result;? "from  the^combus- 
4  tioa^of  fossil  fuels ,  &nd  a  consequent  reduction  in  the 
cost  "of  pollution  control  equipment,  *  ■  * 
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Reduction  of  fuel  waste  without  a  reduction  of* health 
and  comfort  standards  or  a  , reduction-  of  a  building1  £ 
serviceability.  *  «• 

Reduction  in  peak  electric  loads  and  electric  power 
demand  charges  and  a  reduction  of  the  load  on  power 
generating. and  distribution  systems. 


•BASIC  CONCEPTS  OF 'TOTAL  ENERGY  MANAGEMENT 
FUNDAMENTAL  BUILDING  SYSTEMS  . 


V 


Buildings  have  th^ee  fundamental  systems  that  affect 
energy  use:     energized  systems,  non-'energized  systems,  and 
human  systems.  .  . 


Energized  Systems 

.  • Energized* systems  are  those  systems  that  consume  energy 
directly r-STypioal  .energized  •systems  include  systems  used  to 
provide  heating,  ventilation,  cooling,  humidif icatioji,  de- 
^umidif ication,  lighting,  hot  water  heating ,  interior  convey- 
ance,  waste  handling-,  and  cooking,  as  well"  as  equipment  like 
typewriters  and  computers.  ■  i 


Non-Energized  Systems  ♦ 

*Non-energi-zed  systems  are  those  that  do  not  consume  en- 
erg'y  directly,  but  do  affect' the  amount  (of  energy  that  an 


*2  ' 
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energized  system  must  expend  to  get  its  job  .don&.  Typical 
non-energized"'systems  include^walls ,  windows,  -floprs,  roofs, 
ceilings,  doors,  aiidrso  forth  \as_jwe>F'as  -weather ,  landscap- 
ing, siting,  and 'similar  fact&rs.  ♦  ^ 


Human  Systems     *  • 

Human  systems  refer  to  people  who  have  an  impact  on  when 
and  in  what  quantity  energy;  is  'gjuasumed.     These  people  include 
staff  and  visitors. 


SYSTEM,  INTERACTION 

If  each  component  of  each  system  functions  as  efficiently 
aspossible,  the  absolute  .minimum  amount  of  energy  i,s  required 
ftp  complete  ajob.t    Although  this  Absolute  minimum  i$>  an  ideaJL 
that  is  seldom  achieved,  it  nonetheless  stands  as  the  ultimate 
goal  of  any  energy"  mangement  program. 

The  interaction- of  eaergy  systems  can  be  ^demonstrated 

with  a  common  example:     the  automobile.     Three  methods  can 

be  used  to  reduce  the  energy  consumption  of  a  typical  car. 

1  .  '  N 


End-.Use  Res-trictiori  1  1 

The  first  method  is  to  drive  the  car  less,  an  end-jase 
restriction.4  It  is  a  ^mple.tely  acceptable  approach,  piio- 
>ii£ed  the  car' is  not  driven  less  than  i*^5  needed. 
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Efficiency  in  Operation 

'•  ■  — -     ^  '  '     ■  / 

The  second  metfhod  considers,  the  efficiency  of  driving 
habits,  stfch  as  vdri^ing'  the  caV  at  50  mph,  avoiding  p^nic 
stops,  pressing  the  accelerator  as  if  there  were  an  e^  be- 
'tween  it  .and  "the  driver%s  foot,'  p^so  6n,     This  m  relates'-  pri- 
marily to  human, systems  and/  habits,  and  *is  similar  to  turning' 
out" lights  \^hen  they  are  not  needed  or  closing  exterior  doors 
and  windows  when  air  conditioning  is  on.  » 

  i 

\ 

Sys^ejn  Efficiency  *  x 

The* third  method  ensures,  that  all  systems  in  the  car 
affecting  energy  consumption4  operate  as  efficiently  as  pos- 
sible.    This  requires  consideration  of  end-use  restrictions  * 
and  usage  habits  covered  in  the  first  two  methods,  as  well 
as  a  close  analysis  of  other  factors' that  affect  energy  con-< 
sumption.     The  most  obvious  other  factor  is  the  engine.  If 
in  tune,  thefcengine  runs  efficiently.     But  other  systems  also 
are  affected.     Radial 'tires  generally  giVe  better  gas  mileage 
than ?non- radial^    Tires  inflated  to  the-  correct  pressure 
give  b.etteV  mileage  than  under  inflated/  tires.     Tinted  glass 
reduces  interior  heat  gain',  which  means  the  air  conditioner 
runs  leste*  consuming  l£ss  energy.     The  exterior/*  finish  of  the 
car,  wheji  waxed  and  smooth,  has  less  wind  resistance  than  a 
finish  that  is  comparatively  rough.     Less  wjfcid-sresis tance 
mean|  the  engine  has  to  work  less,  which  me,ans  lpore  energy*** 
efficiency  -'more  miles  per  gallon  of  fuel. 

^Obviously,  the  third  method  is  most  desirable.     It  ex- 
amines all  ways  in  which  energy  consumption  is  affected  and. 
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reveals  numerous  options  —  some  more , effective  than  others  — 
that  "can  reduce  .energy  consumption.     This  not  only  means  the 
potential  for  more  energy  savings,  but  also  the  ability  to 
choose  options  that  are  compatible  with  , available  time  and 
budget.     Likewise,  this  is'  essentially  the  purpose  fo^  which 
the  ener-gy  audit  is  intended.'  0 

Although  a  building  is  more  complicated  than  a  car, 
basic  principles  remain  ,tfre  same.    Maximum '  eaer*a^  savings  are 
Achieved  by  considering  all  options,  the,  way  options  affect 

fceach  other,  potential  savings  versus  cost,  .and/many  other 
factors.     However,  it ^should  ITe  stressed  that  maximum  benefit 

*comes  from  maximum' efficiency .     Driving  an  untuned  car  less 
does  not  make  the  car  more  efficient.  *  However ,  if  the  car  is 
driven  less,  driven  carefully,  arid  kept  in  tune,  the  ^ast  < 
amount  of  energy  is  consulted  every  time  the  car  isXised._ 


BUILDING  SYSTEM  INTERACTION 

With  these  three  conservation  methods  in  mind,  consider 
how  a  building r s  heating  arid  cooling  system  is  affected  by 
other  elements  of -the  rh^ee  energy  systems. 

Heating  ahd  cooling  Systems  are  affected^ primarily  by 
the  factors  of  heat..loss  ->and  heat  gain-.     These  factors*and  a 
few  of  the  many  steps  that  can  be  takeh  to  reduce  trieir  im- 
pkct  are  as  follows: 

« 

Step  1.  '  Infiltration. 

*  The  term  "inf i-1  tration"  refers  to  the  passage 
of  outside  air  into  p.  building  through  aper-  " 
tjfres  such  &s  cracks  around -windows  and  door  . 
jambs,  doors  ;and  window's  left  open,  and  out- 
side air -dampers  that  do  not  close^ tightly , 
^to  name  a  few.-     In' winter,  infiltration 
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causes  heat  loss.    .Outside-  air  that  enters 

the  building  must  be  heated  to  meet  desired  * 

conditions  .     During^ummer infiltration 

^causes  heat  gain.     Tne -warm  a.ir  that  enters  __ 
the  building  must  be  cooled  to  meet  desired 
conditions.  v  In  many  cases,  additional  energy 
must  be  expended  to  humidify,  dehumidify,  or  - 
filt.er  outside  air.         ^  -  , 

•  Energized,  iion-energized,  and  hitman  systems    o  f 
.all  affect  infiltration.     If  a  building  !-s"  ^  # 

air-handling  system  ma-intains  a  positive 
air-pressure  in  the  building  —  that  is  ,  if 
interior,  air  pressure  slightly  exceeds  ex- 
terior pressure  -  then  infiltration  is    r  y  J* 
largely  eliminated.     Non-energized  systems 
also  are  involved  because  the*  condition  of 

the  building's  exterior  envelope,  doors,  and  . 
Windows  determines  the  number,  size,  and  lo-  ' 
cation,  of  infiltratioh  -access  "points  .  Hu*- 
man  systems  are  involved  because  people  are 
responsible  for  leaving  windows  and  doors 
open,  as  w£ll  as.  for  observing,  reporting, 
and  correcting  deficiencies  that  cause  ex- 
cessive infiltration 

Step  2.  *  Transmission. 

•  «•  T^e  term  "heat  transmission"  refers  to  the 
amount  of  heat  transmitted  into  or^  outr  of 
a  building  through  the  various  components 
of  the^ building  envelope  —  primarily  exte- 
rior walls',  windows,  doors,  skylights,  joof,  . 
and  floor.     The  amount  of  heat  loss  or  gain 
caused 'by  transmission  depends  on  the  dif- 
ference between  indoor  and  outdoor  tempera- 
tures and  the  basic ' principle  of  heat  flow? 
heat  is  always  transmitted  from  an  area  of  ^  ^ 
higher  /temperature  to  an  area  of  lower  tern-' 

'      perature..    "Accotdingly ,  during  winter,  heat 
flows  from -the  interior  to  the  exterior, 
through  the  building  envelope.     During  sum- 

v       mer,  the  process  'reverses  and  heat  is  trans- 
mitted from  outside  to  inside.  .  * 
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--The  rate  of  transmission  depends  on  the 
J-  .materials  used  to  construct  the  building 

envelope  and  their  resistance  to  heat 
flow.     This  rate  can  be  affected  by,  among 
other  things,  additional  insolation  or  storm 

•  -windows',  especially  on  partsiof  the  building 

exposed  to  the  mast  severe  conditions. 

• 

Step  3.  Ventilation. 

•  "Ventilat ion"  is  the  term  used  to  describe 
"the  function  -of  th^  mechanical  system  that 
draws  in  fresh  outside  air.  Ventilation 
.affects  heating  and  cooling • systems  in  the 
same  way  that  infiltration  does%  but  much  ' 
more *signif icantly .     The  rate  of  ventila- 
tion is  referred  to  in  terms  of  cubic  'feet 

,  per  minute,  or  cfm,'   The  greater  the  cfm, 
the  more  heating  or  cooling  required  to 
v       offset  he#at  loss  or  heat  gain  caused  by  un- 
conditioned air  brought  into  the  building. 
In  many  instances,  the  single  most  effective" 
energy  conservation , measure  -  and  one  achieved 
with  virtually'  no  expense  —  i^voJL^^s  reduction 
of  the  ventilation  rate^.  • 

' Step  4 .     Lighting . 

•  Lighting  contributes  to  a  building's  heat 
gain  in  direct  proportion, to  the  wattage 
of  lamp's  involved.     Heat  gaki  "is  generally 

•  beneficial  in  winter  months  because  it  pro- 
vides heat  -that ' otherwise  would  have  tp  be 
provided  by  mechanical  heWting  systems. 
In  summer^ months >\ of  course,  the  mechanical 

»   cooling  system  must  work  harderito  compen- 
sate for, heat  gain  from  light  soUrces. 

*  There  ane  many  techniques  available  to  mod- 
ify the  heating  characteristics  of  lighting 
systems,  while  keeping  them  consistent  with 
the  need  fof  proper  illumination.  Several 
of  the  techniques  involve  human  systems  — 
the  efficiency  of  how  people  use,  or  do  not 
use /  lighting . 
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"Step  5.     Solar  heat. 


r 


Solar  heat,  like  the  heat  of  light,  contrib-  . 
utes  to  heat  gain  throughout  the  year.  The 
specific  effect  of  solar  heat  depends  on  the 
geographical  area  involved,,  the  intensity 
and  direction  of  the  rays,  the  materials 
that  comprise  the  building  envelope,  the 
color  and  'texture  of  walls,  the  extent  and 
type  of  solar  controls,  and  other  factors. 
Many  non-energized  'systems'  —  suoh  as  .blinds 
and  drapes  —  can  be  used  to  minimize  the-  ef- 
feet  of  solar  heatvgain.     In  many  cases,  ffie™~~ 
effectiveness  of  human  systems  (e.g.,  closing^ 
the(  drapes  at  the  correct  time)  will  deter- 
mine how  well  the  iion-energized  systems  works. 

Step  6-.     Equipment .        J  N- 

\.  Virtually  all  , energized  d'evice§,  including; 

busia^ss^giachiries  ,  coffee  makers  ,  ' printing 
x   pfre^s^s<,^t§levision  sets,  and  so  forth,  con- 
\  tribute  to  he^t  gain.     In  some  ceases,  this 

heat^  or  pdrtions  of  at,  can  be'  recovered    "  w 
-from  one  part  of  a  building  whefe  heat  "is 
,,not  needed  and  be  ducted  to  another  p'art  of 
> — *  a  building*  that  requires  heat. 

Step  7 .     Occupants . 

*  Pe6ple ; Contribute  to  heat  gain  whenever  the 
room  temperature' falls  bel$wathe%r  body  tem- 
perature.     People  also  affect  the  moisture 

.    *        /  content  of  air  through  perspiration  and*ex- 

*  halation,  i  The  way,  in  which  different  types 
of  spaces  are  used  determines  the  extent  of 

*he#t^ain'  from  occkpants-^ 

*  In  almostr  all  oases,  undesirable  heat  loss  , 
\  and  heat  gain ' can  be  reduced,  often  signif- 

^  /-icantly^  Modification  to  fundamental  systems 
c&ar\r educe  the  Toad  placed  on  heating  and  cool- 
r       ing'' equipment -and  thereby  reduce  the  energy 
required  for  the  equipment's  operation. 

/  Any  modification  must  consider-  the  human  element.  Bit 
individual  comfort  need'  not  be  severely  affected  while  sub- 
stantial savings  are  attained. 
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.ENERGY  USE  CHARACTERISTICS 


It  is  not,  an  indictment  of  operations  and  maintenance 
personnel  to  state  that  almost  all  buildings  -  publicly  and 
privately-owned      are  enormous  energy  wasters.     Savings  of 
at  least  15%  should  be  easily  realized  with  little  or  no  cap- 
ital cost.     Other  improvements  will  usually  provide  another 
15-201  or  more,  depend^ig  on  many  factors  -  but  at  greater 
cost.     Improvements  that  are  costly  are  usually  selected  on 
the  basis  of  how  quickly  energy  savings  pay  for  the  improve- 
ments. 

Residential,  commercial,  and  industrial  buildings  are 
designed  for  specific  purposes.     Schools,  hospitals,  local 
government,  and  public  care  buildings  serve  a  variety  of  pur- 
poses.    Buildings  can  include  the  following  types : 

•  general  office  buildings  ■  special  treatment  centers 

•  warehouses  *  -  primary  and  secondary 
.   -^ails/police  facilities  schools  • 

•  fire  stations  •  colleges  and  universities 
■•  motor  pools                         "       •  .nursing  homes 

•  utility  buildings'  ,         ; •  others 

*  All 'building  types  have  different  primary  purposes  and 
construction.     Generally,  however,  ea^h  has < energy-using 
.characteristics  that  can  be  categorized  into  four  major  sys- 
tems:   HVAC,  lighting,  building  envelope*  and  ancillary  sys- 
terns \    A  fifth  system,  process  energy,   is  limited  to  indus- 
trial applications.     Later  sections  describe  some  important 
aspects  of- these  systems,  and  these  descriptions  are  helpful 
in  understanding  the  recQmmendations  Contained  throughout  ffie 
"energy  audits  course  material.     The  relative  use  ofenergy  by, 
systems  varies  according  to  the  type  of  building  and  intended 
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building  uses.  For  example,  consider  the  following  building 
types  and  uhses  in  relation  to  energy  use; 


SCHOOLS  * 

In  1977  ,  the  nat  ion! s  educational  institutions  consumed 
1.1  quadrillion  Btus,  or  approximately  1.5%  of  the  tot^al  U.S. 
consumption  of  energy  of  all  forms.    As  energy  costs  confthue 
to  erode  educational  budgets,  the  importance  t>f  a  comprehen-^ 
sive  energy  management  program  for  educational  institutions 
becomes  obvious. 

As  can  be  seen  from  Figure  1,  energy  is  utilized  in  a' 
number  of  ways.  Although  these  percentages^will  vary,  the 
heating,  ventilating,  and  air  conditioning  systems'  (HVAC) 
usually  represent  the  greatest  single  usage. m  Lighting  and 
general  electrical  energy  consumption  represent  \the  second 
major  category.        x  • 


SPECIAL  - 10%  .  . 
•LABORATORIES 
•KILNS  " 


HVAC-65% 


HOT  WATER  -  3% 


FOOD!  SERVICES  -7% 


LIGHTING 


GENERAL  ELECTRICAL  - 15% 


Figure  1.  '  Major  Energy  Uses"  in  a  Typical 
U . S ^-Educat ionaL  Institution. 
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HOSPITALS  ' 


-   Nearly  901  of  all  U.S.  hospitals  were  designed  and  con- 
structed before  1974,  when  the  importance  of'  effective  energy 

(     *  - 

management  was  beginning  to  surfaqe.  ^ 

u  As  is  shown  in  Figufe  2,  em(lronmental  control  (heating, 
ventilating,  and  , air  conditioning)  requires  the. greatest 
j  share  of  all  energy  used  in  a  typica^  hospital lighting  and* 
wall  receptacles  often  represent  the  second  highest  end-use. 


STERIUZATIpN  /  INCINERATION  -2% 


HVAC  -  60%' 


\ 


MEDICAL  EQUIPMENT  -4% 


•  FOOD  SERVICES  -7% 


LAtJNDRY  -  12% 


LIGHTING, 


MISC.  ELECTAlCAL-15* 


x     Figure  2.     Major  Energy  Uses  ih  a  Typical  U.S.  Hospital, 


PUBLIC  BUILDINGS 
-  j 


.   Although  consumption  percentages  vary  with  building  func- 
tion' and  location  (clTmate) ,  Figure  5  illustrates  major  energy 
uses  o,f  d  typical  office  building.     Again;  space  conditioning 
represents  the  ar.ea  of  Highest  consumption.  * 
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UGHTlNG-11% 


HVAC  -  76% 


SPECIAL  FUNCTIONS;  13%' 
*    •  ELEVATORS 

•EXTERIOR  /  SECURITY 

LIGHTING' 
HOT  WATER 
MISC-  ELECTRICAL 


Figure  3.     Major  Energy  Uses  in  a  Xypical  U.S. 

Office  building.    ,  1  .     '  N 

•  '  -  ,  •    »       -  »,        „ '' 

(Energy  uses  .for '  other  types"  of  local  government  build- 
ings ,  such  as  warehouses,  jails, ^nd  so„  forth,  are  not  avail^ 
^ble.)  •*  >     «  .  *  '  ' 


LONG -fERM' PUBLIC  .CARE  FACILITIES 


r 


Public  care  facilities'  such'as  nursing-homes,  which  have 
notr  implemented  comprehensive  energy  management  program^ ,  usu- 
ally  Exhibit  energy  consumption  patterns  that  are  comparable 
to  those  of  other  buildings  of  a  similar  type,  size,  use, 
or  location.     It  is  not  unusual  t<?  discover  total  energy  con- 
sumption in  the  range  of  300,000tfto  360,000  Btus  per 'gross  x 
square  fqot  per  year,  Ispecially/iri  ttie  cooler  climate  zones.^ 

Figure  4  indicates/^ypical  energy,  uses  for  a  nursing 
home  facility.     Noticfe vtJiaT  space 'heating ,  cooling;        .    -m  ' 
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STERIUZATION-2% 


HVAC-00% 


MEDICAL  EQUIPMENT-  4% 
 FOOD  SERVICES-7% 


"LAUNDRY- 9% 


LIGHTING, 


GENERAL  ELECTRIC  -18% 


Figure-4.     Major  Energy  Uses  in  a  Typical  U.S 

.Nursing  Home. 


venjtl^tr^n,  and  lighting  contribute  to  over  three-fourths  of 
the^rSTal  cWsumption  of,the  facility..  'These  areas,  then,  / 
represent  major  energy  conservation-  opportunities. 


COMMERCIAL  BUILDINGS 


\ 


•  / 


Figure  5  shows  the  energy-us&  patterns  of  typical  table 
,    service  restaurants  and,  fast  food  restaurants!     It  is  impor- 
tant  to  note  that,  while  HVAC  systemsj  consume  much  /of  the  en- 
.    ergy  used  in  restu"aran.ts ,  roughly  the  same  amount  of  energy\ 

is  needed  to  prepare  and  store  food.  -  Thus,  in -addition.  tJa 

' 

conservation  opportunities,  in  the  HVAC  and  lighting  Systems 

•  L  * 

of  restaurants,  there  is  considerabpL-e  potential  for.  energy 

^conservation  in  the  processes  associated  with  food  prepara- 
tion.     ^    *      r  - 


*  .Page'-  18/EA-.Q1- 


9 

ERIC  , 


'23 


\ 


SANITATION  -12% 


FOOD 
STORAGE 
2% 


SANITATION 

FOOO  OTHER  -4% 

STORAGE- 6%  ' 


V 


POOD' 
PREPARATION 
27%   >i 


UGHTtNG  ' 
8%  . 


.FOOD  PREPARATION -45%  " 


Table  Restaurants 


WVAC  -  36% 


LIGHTING  -26% 


Jt).  Fast  Food  Restaurants 


Figure  5.     Major  Energy  Uses  in  Typical 
U.S.  Restaruants. 


In  retail  stores,  as  is  indicated  in  Figure  6,  ttve  V 
greatest  potential  for  energy  conservation  is  found  in  light- 
ing systems.     HVAC  systems  offer  the  "second  most  important 
opportunity  for  energy-efficiency  modifications  in  retail 
establishments,  although  the  HVAC  system  typically' uses  only 
about  half  as  much  energy  as  does  the  lighting  system.. 
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V  SPECIAL  FUNCTIONS  -  ELEVATORS. 
GENERAL  POWER,  PARKING* 
SfiCurflTY  LIGHTING.  HOT  WATER 


10%. 


LIGHTING -60* 


HVAC-30% 


Figure  6.    Major4  Energy  Uses  in  a  Typical 
.   U#S.  Retail  Store. 


RESIDENCES  7      V  >  ' 

.  •  *  <-  # 

Figure  7  §hows  energy  end-use  patterns  of -apartment  v^ 
buildings.     In  both  apartments  and  single- family  dwellings,  ,' 
environmental  control J(HVAd)  accounts  for  a  majority  of  the 
energy  consumed.     Thu4 ,  the  major  energy  conservation. oppor- 
tunities to  be  founcl  in  residential  structures  are  in  im- 
proving the  * ef fi£iency  of  HVAC  equipment  reducing  air  in- 
filtration and  exf iltration,  and  reducing  undesirable  heat 
gain, and  loss.  ~ 


4 
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SPECIAL  FUNCTIONS- LADnBRY^  ~* 
SWIMMING  POOL*  RESTAURANTS, 
PARKING*  ELEVATORS,  SECURITY  JJGHTS 
10% 


HOT  .WATER -5% 


LIGHTING  AND.  WALL 
RECEPTACLES  -15% 


\ 


ENVIRONMENTAL  CONTROL-  70% 


figure  7.     Major  Energy  Uses  in  a  Typical 
\  U.  S'.  Apartment  Building . 


INDUSTRIAL  APPLICATIONS 


0  * 


Specific  eaergy-use  patterns  will  vary  drastically  from 
fe "industrial  application  to/the  next.    ^Figure  8  9t  therefore , 
shoto^Nfee  viewed  only  as  an  example  of  how  a  die-casting 
plant  uses  energy  for  its  particular  processes^ 

In  general,  however,  the  energy  use  .pf  many  industries 
does  correspond , roughly ~tq  the  model  of  30%  for  housekeeping 
and  70%  for  proces'ses  (as  is.  shown  in  the  outer  circle  of 
Figure  8).    Thus,  the  greatest  energy  conservation  oppor/tu- 
itkes  in  industrial  applications  frequently  wiL^  be  found  in 
modifying  processes  $nd  process  equipment. 
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/  OTHER 
/  PROCESSES 

AIR 

COMPRESSORS  - 
5%* 


MOLDING 
MACHINES 


•  / 

-10%  -L- 


OUIET  POOL- 20% 


PROCESS   

ENERGY -70* 


„  i 


HOUSEKEEPING 
" EN?RGY-30% 


SPACE  HEATING  -  24% 


AIR*  CONDITIONING -2% 


+  LIGHTING -2% 


^DO^ESTlci  HOT  WATER  -2% 


MELTING  HEARTH  -30* 


'Figure  8,^~Major  Energy  Uses  in  a  Typical 
J  U.S.  Die-Casting  Plant, 


: ,  UNDERSTANDING  ENERGY  BILLINGS 

The  first  step  in  aiw  ertergy  audit  is  to  review  all 
utility  bills  for  the^ra^t  few  years.     This  may -or  may  not 
uncover  some  discrepancies,  but  it  will  provide  a  better  un-  ' 
derstanding  of  energy  billings  and  indicate  where  and,  how  en- 
ergy  is  Consumed  in  the  buildings. 
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*   BII/L  CHARGES 

9  * 


In  most  cases  a  bill  will  include  charges  for  the  follow* 

« 

ing:  ,  -  ^ 


Energy 


\ 


Most  electric  utilities  use  a  declining  si iding' block  f 
approach  for  the  energy  charge:. that  is,'  so  much  per  kilowatt 
hour  (kWh)  for  the  first  1000*  kWh;  "so'muqji  per  kWh  for  the 
second  1000  kWh ;  and  so  pn.x    In  most  cases,  the  more  kWh  con- 
sumed, the  lower  the  cost  per  kWh. 


Customer -Related 


Some  utilities  add  what  are  called* customer-related 
costs.     These  comprise  a  special  charge  that  reflects  part  of^ 
the  distribution  inve^^nTent,  part  o£_tfee  operating  and  main- 
tenance/ cos"t ,   the  cost  of  accounting  and  collection,  *and  so  on 
This  is  generally  included  in  the  utility  company's  base  rate. 


Demand 


The  demand  charge  is  designed  \o  make  the  customer  pay 
an* appropriate  share  of^the  utility's  fixed,  investment  in  the 
production^  transmission,  and ^ distribution  equipment_required 
.to  meet  the  customer's  maximum  requirements,  ^pttecharge  is 
#ased  on  the  rate1 of  electricity  consumption.^  The  more 
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energy  used  at  any  given  time,  the  larger  the  utility  com- 
pany's investment  in  generation,  transmission,  and  distribu- 
tion .systems  has  to  "be'.     For  example,  consider,  two  users: 
A  and  B,^1?oth  consuming  an  equal  number  of  kWh  each  day. I  \^ 
User  A  consumes  electric  energy  24^ hours  a  day  and  use*  B 
(    consumes  iOjKhours  a  day.     User  B  requires  ^the  utility  to 
have  generating  and  .distribution  capacity  thr^e  times'  the, 
capacity  required  to,  serve  user  A  during  the  16  hours  per 
day  that  B  is  not  operating.    Therefore,  user  B  is  billed 
for  this  ex'tra  investment. 

f  The  consumer's  actual  demand  is  computed  as  the.  average 
amount  pf  energy  consumed  in  a  predetermined  time  interval  - 
usually  15,  30,  or  60  minutes.     Regardless  of  the  interval, 
the  highest  demand  recorded  during  a  mohth  is  considered  the 
actu&l  demand  for  the  month. 

\ 

LOAD  FACTOR        /  — 

\      The  effectiveness  with  which  energy  is  used  is  rated  in 
terms  of  load  factor:  * 


Trxc-i  -    Energy  Used  (in  klv'h)        ;  1     %-<>n  u  -,  ^ 

l0ad*~  Highest  Demand(in  kW)  x  YSS  t'}\h9»*t>  usually) 


Equation  1 
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Example  A  shows'  the  methodology  for  calculating  load  factor. 


EX3MPXE  AT  ECTSOTTACTOR ^CALCULATION , 


Given:  Electricity  consumption  in  a  .30-day  period 

700,000  kWh 

Peak  demand  -  1506  kWh 
Find:  T7oad^?actor , 

Solution:     700  ,000  kWh  1        =  64  g%  ,     d  "£actor 

1500  kW      X  720  >hrs      b4Jo  l^a(X  tactor 


In  essence,  the-  lower  the  established  demand,  the  higher 
the  load  factor;  the  higher  the  load  factor,  the  lower  the 
relative  cost  for  eLectric  service. 

The  techniques  used  most  often  to  improve  load  factor 
are  demand  management  and  demand  .control.  ■  The  two  are  not 
synonymous  terms.     Demand  control*  refers*  to  the  electro- 
mechanical procedure,  of  load  shedding.     Demand  management 
encompasses  demand  control  and  other  activities,  that  cafi 
help  reduce  demand  charges  even  more. 


LOW  POWER  FACTOR  PENALTY 

Another  charge  .sometimes  applied  is  a  penalty  for  low  4 
power  fac\or.     The  p.ower  that  must  be  supplied  to  any  . 
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induction  load  -  such  as  induction  motors,  transformers,  flu- 
orescent  lamps,  and.  so-  forth  —  is  made  up  of  real  and  reactive 
power.  . 

Real  power,  or'  the  working  power,  is  measured  in  kilp- 
watts  (kW) .     Reactive  power,  or  magnetizing  current,   is  re- 
quired  to  produce  the  flux  necessary  for  the  operation  of  any 
Induction  equipment.     Without  magnetizing  current,  energy 
Could  not  flow  through  the  core  of-  a  transformer  or  across 
the  gap  of  an  ihduction  motor.     The  unit  used  to  measure  re- -  * 
active  power  is  the  kilovar,  or  kvar. 

The  vector  sum  —  not  the  arithmetical  sarnT"^  of  the  real 
power  and  tjie  reactive  power  is  the  apparent  power,  measured 
.in  kilovolt-amperes ,  or  kVA. 

Power  factor  is  a  ratio  of  reafl  power  (kW)  to  apparent 
power  (kVA) ,  and  it  is  *  calculated  as  is  shown  in  Equation  2. 


n         r    *   Real  Power  (kW) 

P0U6r  FaCt°r     Apparent  Power  (fcv*, '  Equatio„  2 

T 


Electric  utilities  must  provide  both  Teal  and  reactive 
power  for  their  customers.     Reactive  power  does  not  register 
on  a  kilowatt  hour  meter.  .Still,  producing  it  requires  the 
utility  to  put  additional  investment  into  gener&tin-g"',  trans- 
mission, and  distribution  facilities. 

Many  utilities  make  up  for  the  expense  of  producing 
reactive  power  by  including  power  factor  provisions  in  their 
rates.     In  practice,  many  utilities  define  low  power  factor 
as  anything  less  than  0.9. 
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Some  power  ^factor  improvement  will' prove  worthwhile  if 
electric  use  meets  one  or  more  of  the  following  conditions: 

•  power  demand  is  recorded  on  the  bill  .(in  kVA) ;  ^ 

•  electric  rate  has  a  kvar  or  power  factor 'penalty  clause; 

•  there  are  problems  with  voltage  regulation  or  chronic 

low  voltage-;  or 

•  load  growth  limits  capacity  antl  more  Capacity  is-  needed. 

^  J 

(jne  typical  cause  for  low  power  factor  is  light^Ly  loaded 
motors;  such  motors  ^:an  draw  an  excessive  amount  of  reactive 
power  and ' itit^ease  energy  losses  in  the  overall  distribution 
system.     Power  factor  can  be  corrected  by  the  installation 
of  capacitors.     It  i4s  advisable  to  review  the  need  for  and 
amount  of  power  factor  correct ion"^n^sp^cific  types  of  loads 
with  either *$he  utility,  equipment  manufacturer,  or  a  con- 
sultant. 


TIME  OF  DAY 


Discounts  are  allowed  -for  electrical  usage  during  off- 
peak  hours  income  Service  areas.     Energy  users  who  can  re- 
schedule their  demand  for  .electricity,  such  as  some  manufac- 
turing plants,  can  take  advantage  of  the  lower  rates* 


RATCHET  RATE' 

The.  billing  demand  is  based  on  80-90%  of  peak  demand  for 
any  one  month.     The  billing  demand  will  remain  at  that  ratchet 
for  12  months,  even  though  actual  demand  during  succeeding 
months  may  be  less, 
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DETERMINING  HOW  MUCH  ENERGY  IS  USED 
% 

*  The »only  way  to  determine  whether  energy  and  dollars  are 
being  saved  is  to  keep  accurate  records.     Utility  bills  and 
meters,  are  the  best  sources  of  information  for  thqse  records. 
The  purpose  of  this  section  is  to  explain  how  to  interpret 
utility  bills  and  how  to  organize  that  information  'into  a 
u^ful  form. 

Figures  9  and  11  illustrate  how  ,to  record  gas  and  elec- 
tric utility  bill  data  onto  energy  data  sheets.     Figure  10 
demonstrates  hfc>w  to  record  one  month's  electricity  bill  in- 
formation. '  The  next  time  period's  data  are  recorded  on  the 
next^line.     (If  utility  bills  from  several  past  years  are 
available,  it  is  wise  to  select  a  base  line  year,  such  as 
1975^  or  1976,  to  which  current  usage  can  be  compared.) 

Figure  12  explains  how  to  record  gas  biJLl  data.  The 
same  type  of  information  can  be  recorded  for  pther  types  of  > 
fuel  sources  on ^separate  data  sheets. 

After  recording  the  final  month's  fuel  consumption,  sep- 
arate monthly  fuel  consumptions  should  be  added.     Total  an- 
nual consumption  should  be  recorded  in  the  total  row. 

Two  conversion  factors  are  used  for  both  .electricity  and 
steam  consumption.     The  larger  figures  indicate  the  values  to 
be  used  in  repoi'ting  in  compliance  with  the  April  2  ,   1979  , 
Federal  Register ,  Tart- VI ,  Department  of  Energy,  Energy  Mea- 
sures and  Energy  Audits  Grant  Programs  for  Sctfools  and  Ptos-. 
pitals  and  Buildings  Owned  by  Units  of  Local  Government  and 
Public  Care,  Institutions  :   ''Section  450  .  42(a)  (11)  ♦  These" 
larger  figures  represent  source  or  point  of  generation  values 
and  include  transmission  losses  .and  production  inefficiencies 
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ENERGY  DATA  FORM 
C  d 


G 


Jan 


Feb 
Mar 


Apr 

Hay 

Juu 

Jul 

Aug 

Sep 

Ott  1 

Nov 

Dec 


Heading  Date 


From  To 


10-10 


11-20 


Column  B  Totals 


^On-site  Btu 
Conversion  Factor 


Total  Btus 


Column  B  Totals 


Point  of  Generation 
Btu  Conversion  Factor 


Total  bi»s 


kWh  Used 


Current  Base 


28080 


11,600 


3,413 


11,600 


Measured  Demand  kW 


Current  Base 


110.40  , 


$  Cost 


Current  Base 


11,136.01 


(KCA)  Fuel  Cost 
Adjustment  ($) 


Current  Base 


I  T8.0F 


Total  Cost 
.  «ft  k-'E  -  F 


f  lTl63.07 


Base 


$/kWh 
F  :  B  -  G 


\ 


Current  Rase 


.04 


EJ.EC1R1CTY  I  

Etectrlcty  Rate  Ho 

A  PUBLIC  SCHOOL 


  kWh/yr 


Balding 


I        Figuje  9 


How  to  Record  Electricity  Bill  Data 
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NAME-  OF  UTILITY  COMPANY 


DATE  MAILED 

DATE  OUE 

NOV  29  76 

xD'EC    1  1  78 

20 


YOUR  ACCOUNT  NUMBER 


6020026220500019 


© 
©J 


'PUBLIC  SCHOOL 


BUbdfef  -blLLtNG  INFORMATION 
 I  


PREVIOUS  OUbGET  BALANCE 
CURRENT  ENERGY  CHARGES  + 
PRESENT  BUDGET  BALANCE  = 
-MONTHLY  BUDGET  PAYMENT  - 
§ALANJCE   AF*TER , "PAYMENT 


H7 


FLEC 


DATES  OF  SERVICE 

BILL„ 

'code 

PREVIOUS^ 
•  READING 

^PRESENT 
READ ING 

CONSTANT 

USAGE 

UNIT  OF 
MEASURE 

BILLlNp 

demand; 

TROM'% 

v  TO 

DAYS 

OCT    19  " 

NOV  20 

32 

32  5 
*  > 

N 
N 

22404" 
1  04  5 

3*2  107 
1  162 

24a 

7703 

CCF 
KWH* 

i 

1  22  40 
i 

« 

i 
i 

^OCT  19 

NOV  20) 

{280&«) 

CURRENT  ENERGf  CHARGES  ^N  DOLLAR^ 


FRANCHISE 
TAX 


+  'SALES  TAX 


PERCENT 


AMOUNT 

TxfmFt"" 

i 

tXtM^T 
i 


ENERGY  CHARGES 


40j26 
i 

2  3;  24 

J 
1 


1  302  »14 
1176  4  1 


PAYMENT  TOTALING  1770.62 
 >  


PREVIOUS  BALANCE 


OCA  AMOUNT  = 
FCA   AMOUNT  o 


7703  CCF  X  0.083600 
20080  KWH  X  0.00643* 


644  .  59 


1  8  .06 


YOUR  AVERAGE  DAILY  COST  CAS 


TOTAL  PRESENT  BALANCE 

.PLCASE  PAY^HTS  AMOUNT 
*43.l9      ELfC  -  S36.76 


00* 

♦ 

2568  J55 
2558  J55 


12558  S5 


SEE  REVERSE  S1DG: 

FOR  DILL  EXPLANATION, 


WC   APPRECIATE  THE 
OPPORTUNITY   TO   SERVE  YOU 


PLEASE  RETAIN 
UPPER  PORTION 


THIS   U ILL    MAY   NO f 
REFLECT   RECENT  PAYMENTS 


Figure  10.     Typical  Utility  Bill  Wit;H  Electricity  Use  Highlighted. 
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Cost 
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tu 
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Current 
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« 
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1607.28 

1644.68 

^1.341.88 
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» 

Utu 
> version 

X 

NATURAL  GAS 

CCF/yr  . 

N01ES:    The  fur*  in  in tended  Lo 

OJHREIft' 

Coi 

Pactoj 

lOJ.WR) 

Natural  flan  Rate  No      PP*1.  .  — 

be 
In 

a  working  document.     If  it 

kuot  monthly  vou  will  Sec 

weans 
current 

Tutu]  $t 

Building   

M_  INSTITUTION 

liuw  effective 

your  Energy  Con- 

month 

BASE  veans 
the  cor- 
responding 

\  Month  uf 
your"  base 
rate 


tiore:  'Billing  un^U  aay  vory  accuidlng  t«  a  utiliiyia  billing  py.ceduru.  Fur  example,  najural  gas  may  be  Ml  ed  n  cubic  teet  (LCM  ,  in 
thousand*^*  euW*  feet  (HCF) »  or  in  therms.  Since  the  PEA  tor-  uses  HCF,  CCF  billings  <c«m  tu  small  buildings)  sfiuuld  be  cun- 
verted  lo  HCF,2i  the  PEA  furm  by  muving  the  decimal  point  one  place,  tu  the  left..  The  example  abuve  uses  CCF  becausY  p£  its  common 
usu  In  ma^ocaliunu  (e.g.,  770J  CCF  -  ?70.3  HCF) .  t.  ^ 
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Figure  11.  *  How  to  Record  Gas  Bill  iData, 
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NAME    OF    UTILITY  COMPANY 


40  , 


YOUR  AVHRAGC  J)AII.Y|  COOT  GAS  = 
SEE  REVERSE   StDC  WE   APPRECIATE  T I  IE  PLEASE  RET  A  1 N 

FOR  flll.L  EXPLANATION       OPPORTUNITY  UNSERVE   YOU         &PPER  PORTION 


THIS   DILL    MAY  NOT 
REfLECT  RECCNT  PAYMENTS 


.  FTgure  12.     Typical  Utility  Bill  With  Gak-Use  Highlighted, 


er|c 


Thevsmaller  of  the  conversion  factors  for  electricity 
and  steam  is  used  for  institutional  record  keeping,  since 
these  reflect  on-site,  consumption*    These  factors  are  stan- 
dard conversions  and  are  not  adjusted  for  altitude. 

Although  utility  bill  formats  may  be  different  from 
those  shown  in  Figures  10  and  12,  contents  are  the  same. 
Any  questions  about  utilit^biTl  information  can  be  answered 
by  the  local  utility  company, 


DEVELOPING  ENERGY  CONSUMPTION  DATA 

A  form  like  the  One  in  Figure  13  can  be  used  to  log 
energy  cons trttpt ion  data.     In  addition  to  supplying  data  for 
the  energy  audit,  such  forms  can  be  used  to  develop  an  Energy 


Utilization  Index  (EUI).     TheTUl  Ts^a  "reference  wTuch  re-~ 
duces  all  forms  of  energy  used  (electricity,  oil,  gas,  etc.) 
to  one  common:  base  (British  Thermal  Units.,  or  Btus)  and  di- 
vides th^t  total  by  the  total  number  of 'gross  conditioned 
square  feet  in  the  building.     Example  B  demonstrates  EUI 
calculation.  ^ 

The  EUI  is  most  useful  as  reference  that  quickly  shows 
changes  in  overall  energy  consumption  from  month  tQ  month? 
year  to  yjear,  one  month  of*  one  year  to  the  same  month  in  the  . 
following  year,  and  so  forth.     The  EUI  also  facilitates  com-\ 
parisons  between  similar  buildijigs,  making*  it'easy  to  deter- 
mine which  buildings  are  most  energy  efficient.     A  chart 
like  the  one  that  appears  in  Figure  14  can  be  used  to  com- 
pare EUIs.  ,  • 
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ENERGY  USE  IN  BTUS  PER  SQUARE  FOOT 

V  '.  -  .  • 


A 

G 
O 

y. 

Electricity 

-  Natural  Gas 

Oil 

Other  » 

,   Total  Energy 

Con sump t Inn 

,  Demand 

Coot 

HCF 

Hil 
Btu* 

Cost 

Gal 

HI) 
Btu 

Coat* 

Unit 

Hll 

jfltU 

Cost  ^ 

« 

Hil 
Btu 

Total 
Cost 

Btu  Per 
Sq  Ft* 

kWli 

Hll 

Btu. 

Actual 

Billed 

Tut  aI 

Per 
kWh 

Total 

Per 

MCF 

Total 

Per 
Gal 

Total' 

Per 
Unit 

Jan 

t 

"eb~ 
-  Har 
Apr 

-\ 

 r 

■  i 

Kiy 

Inn 
Itrf 
Auk 

Oct 

♦ 

#-T  

i 

Z  r 

\ 

Nov 

* 

""Sec" 
Total 

t 

*  "' 

\ 

multiply  kWh  x  0.01)6  *  HHBtu 


multiply  MCF  x. 1.01  -  HHBtu 


— — *Note:    tttti  per  Sqonre  Foofr*  - -Oivide-total  energy  Btu  by  number  -of-aquare  

feet  of  conditioned  (heated  and /or  cooled)  space  In  building  or  facility 
metered  for  gna  and  elcctricty.  '  \ 


TOTAL  ENERGY  (In  FtfJBtu) 


Gross  Conditioned  nq«i*rc  feet*  of 
-  KHBtu/Sq.  Ft/Yr' 

**  -  EU1  of 


Btu/Sq  Fc/Yr 


**Remembcr^to  move  decimal  polrft  of  mltljon  Btli 
tflgure  six  places  to  the  right  to  convert 
MHBtu/GSK/yr  to  Btu/GSF/y*.  - 


Figure  13.     Energy  Consumption  Log, 


EXAMPLE  B : ■ .CALCULATING  THE  ENERGY  UTILIZATION  INDEX. 


Given: 


Find: 
Solution ; 


Total  grossi  conditioned  ■ 

floor  area    742^000  sq  ft 

Total  electricity  *  ^  ~ 

consumption      .  .  I  1131  x  10 3  kWh  I 

Total  natural  gas 

consumption   1742  MCF  (MCF  =  thousand 

cubic  feet) 

Btu/kWK    3412 

Btu/CF   .1030 

Energy  Utilisation  Index,  \ 

»•»,«.- 

Convert  electricity  consumed  to  Btus : 

/ 

11*31  x  10 1  kWh  x  3412  Btu/kWh  =  3.86  x  109  Btu 
Convert  natural  gas  consumed  to  Btus:  * 

»  .0 

x  Ttt3  C?  x  ■-  1 . 8-x-3^-Bttir  


Find  the  number  of  Btds  per  square  foot  of  gross, 
conditioned  floor  area  (the  EUI] :  " 

C3.86  x  109)  t  (1.8  x  '109)  Btu._  -  ,,  „  in3  • 

 742, '000  sq  ft-  "  7-63.x  10 

.=  7630  Btu/sq  ft 
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EUI  COMPARISON  CHART 

(would  be  completed  by  using  monthly* Btu  usage  from 
Energy  Consumption  Record,  such  as^  in  Figure  13) 
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Natural  Gas  Consumption 
Electricity  Consumption 
Total ^Consumption 
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Figure  1*4,     EUI  Comparison  Chart, 
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EXERCISES 


Define  the  following  terms  as  they  relate  to  building 
energy  uise : 

a.  "  Energized  systems 

b.  Non-energized  systems 

c.  Human  systems  ; —  *■ 

Define  each  of  the  following  in  relation  to  building 
energy  use,  and  give  at  least  one  example  of  how  each 
affects  bui-l-diiig  energy— s-on-sumpt ion : 

a.  Infiltration 

b.  Transmission 

c.  Ventilation 

d.  Lighting   

e.  Solar  tieat  ' 
f :  Equipment 

--g Occup  ants 


What  are  the  four  maj or  ,energy^s4ng  systems?      ^  * 

4,  List  and  describe  the  three  typical  "utility  bill  charges, 

5,  Discuss  the  problem  in  electric  utility  billing  for 
reactive  power, 

6,  What  is  the  methodology  fo,r  developing  an  Energy  Utilj^a- 
tion  Index?  .  " 
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'   ■    TEST 

i 

Multiple 'Choice .  / 

1.  Real  power  is  measured  in 

a.  '      kVA      •  ;'  1  . 

b.  kWA  "  • 
'    c.  kHw 

d.    '  kWh 

2.  Grven  an  energy  consumption  of  500,000  in  a  30-day 
period,  dtrr-ing. which  the  peak  demand  was  1800  kW,  what 
is  the  load  factor? 

a .      6  2 . 1  %  ®  .  ~  x  I 

30.2%  ^ 
38.5%  * 
d.      ,49.§%.  /  N 

3.  Convert  the  following  dat£  into  an  Energ/  Utilization 

Index  for  a  one-mgnth  period: 

Total  gross  conditioned 

floor  area   909  ,000  sq  ft 

Total  electricity  consumed  .      1624  x-«103  kWh 

Total  natural  gas  consumed  ...'2102  MCF 

Btu/kWh   -   3412 

Btu/CF    1030 

The  EUI  is... 

a.  9269  Btus/sq  ft. 

b.  8438  Btus/sq  ft.  * 
c       8984  Btus/sq  ft.  . 

d.       7431  Btusysq  ft.  + 


7^ 


Enter  true  or 
Items  4-10. 


ilse  in  the  blank  after  the  statements  in 


5.' 
6. 


Apparent^/ power  is  the  arithmetic  sum  of  rea^  power  and 
reaetiye  power.  '  


The  Bill  has  only  one*  base  energy  unit 
The  greatest  opportunity  for  conserving  energ\  in 


res/dences  is  related  to  environmei^t^^^ontrc^  system 

l02id.  

Although  a  building  is  more  complicated  than  a\ap9,  end 
/use-  restriction  is  still  ^he  most-  effeptive  way  to  con- 
serve energy  without  reducing  the  amount  of  work  d'one 
or  the  comfort  of  the  occupants. 
Load  £i 


tor  is  rated  in  kilovolt-amperes 


V 


10, 


main  .  distinct  ion  between  the  walk- through  -audi^  and 
the  mini-^udit  is  /that  the  walk-through  audit  calcu 
the  economics  of  itiaking  ^recommended  energy-efficiency 
improvements .  •  ; 


t 


Conversion,  factors  used  for  institutional  record  keeping 
are'  larger,  than  those  used  for  point  of .  generation  values, 
since  they  reflect  on-site  consumption,  transmission  • 
losses and* production  efficiencies.   . 
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ENERGV  TECHNOLOGY 


CONSERVATION  AND  USE 


c 


ENERGY/AUDITS 


/ 


MODULE  EA-02 
ELEMENTS  OF  AN"  ENERGY  AUDIT 


ORD 


CENTER  FOR  OCCUPATIONAL  RESEARCH  AND  DEVELOPMENT 


This  module  covers  the  relationship  between  formal  energy 
auditing  and  total  energy  management.    Thorough  coverage  is 
"given  tqj/  energy  audit  thepry  and  performance;  elnergy  audit- 
ing tools  and  instruments;  the  magnitude  of  savings  that  can 
be*  expected  from  particular . energy  conservation  measures;  and 
procedures  for  calculating  simple  payback  and  life-cycle 


costing , 


PREREQUISITES 


The  stydent  should  have  completed  Module  EA-01,  "Total 

Energy  Maaagepvent 
t 


OBJECTIVES 


'  Upon  compleriQn  .of  this  module,  the  student^  should  be 
able  to:  ; 

1.      Describe  the  interrelationships  between  energy  audit ing 
and  fundamental  building  systems. 
List  .aid  discuss  $teps  of  pre-audit  preparation. 
,'  Describe  and  use  auditing  tools  and  instruments. 


Calculate  simple  pay-baclc  and  life-cycle  costing 


SUBJECT  MATTER 


 •    ^  = 

\     THE  ENTERGY^  AUDIT  '    "  ~ 

Those^cTp^cting  ancK^erforming  an  energy  audit  must  be 
'Veil -prepared.     (Jstially,  tlxg. level  of  expertise  required  is 
Marginally  proportionate  to  th^complexity  of  the  systems- 
involved.    (  ■ -^v^-  —  ^  p 

One  key-  to'  survey  accuracy  is  obj^Myity.    One  problem 
that  develops  when  in-house  personnel  are  involved  in  energy 
auditing  is  a  tendency  -  whether  ccmscious  or  subconscious  - 
to  downplay  deficiencies  that  flight  make%  an  in-house  employee 
uncomfortable.     Thus,  the  professional  auditor/energy  conser- 
vation expert  -  with  expertise  in  energy  management  and  an 
rjective  approach  to  the  audit  -  can  audit  mgre  effectively, 
accurately.,  and  efficiently  than  can  an  individual  .with  di£<- 
to-day  responsibility  for  a  building* s  operation. 

The  energy  auditor  should  obtain  a  copy  of  the  architect 
tural,  mechanical ,  afSTelectrical  design  drawings  amfyspecifi- 
cations.     The  auditor  should  also^ecome  familiar  with  the 
building's  configuration  and  design  -  as'well'as  the  build- 
ing's electrical  and  mechaftical  systems  and  equipment  Irayout, 
operation,  and  control.^    If^ drawings  of1  these  systems  are  un- 
■availaMe,  the  .auditor  should  develop  single-line  diagrams  of 
existing  mechanical/ and  electric  system^ 

The  auditoV-adso  'should  be  given  operating  knd  mainte 
ifance  procedures  manuals  supplied  by  equipment  manufacturers 
or  original  balding  design  professionals 

in  addition,  the  auditor  should  be  familiar  wi-th  utility 
Tate  schedules,,  .as  well  as  materials  that  relate  to  planned 
-building  modernization  programs.  . 

Once  the/surveyor  becomes  familiar  with, building  systems 
and 'equipment  data,  the  nekt  step  is  to  conduct  a  walk- through 
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survey.     Tools  required^for  this  task  are  writing  implements 
and  paper  -  althoughxa  tape  recorder  may  be  a  valuable  sub- 
stitute (especially  for  interviews  with  selected  personnel). 
Instruments  that  may  be  helpful  (but  are  not  generally  re- 
quired  for  the  energy .auditj  incl-ude  a  light  meter,  a  thermom- 
eter, 'and  a  3/4"  x  12"  steel  measuring  tape. 


PERFORMING  THE  ENERGY  AUDIT* 

Table  1  lists  the  steps  taken,  approximate  time  required, 
and  appropriate  individuals  who  can*  perform  each  step-of  the 
energy  audit.  *  N 


►  ' 
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, TABLE  1.     STEPS  OF  THE  ENERGY  AUDIT , 


Steps 


^Performed 
By 


Approximate  Time 
Needed  For  Small  To 
Average .Building* 


"Preliminary  Energy  Audit-  ^ 
1.      Collect  utility  bills. 


Util ity  company 
ahd/or  clerical 
personnel 


1  or  2  days 
(elapsed  t ime) 


2 . .  — Revx-e-W-J>  1  uep  n  atjL^adL-ftiaji&q 
•determine  square  footage^ 
location  of  major  equipment, 
etc.  I 


Auditor 


1  hours 


Conveit  utility  usage  to 
Btus/sq  ft/y|3ar. 


Aud  i  tor 


1/2  hour 


Complete  all! energy  use 
data,  building  name^  lo- 
cation, etc- . 


Audi  tor 


2-4  hours 


Comp lotc'pre t  imlnary  building 
energy7  analys  is. 


Engineer,  architect, 
or  building  personnel 
.familiar  with  bu.ilding 
characterist ics 


6  -hours 


l.nc  rgff  Aud  l  t 


^hjCjpugh , 


check 


Conduct  walk 

ancillary  equipment  and  re- 
newable resource  potential 
in  order  o«r  simultaneously. 
.The  0$M  checklist  included  in 
the  Energy  iVudit  Workbook  or 
Similar  chec/klists  should  be 
used.  / 


Auditor  (one  or  two 
assistants  to  record 
findings,   if.  possible) 


3-6  hours 
for  small  to 
average  size 
building  (10,000 
to  24,000  sq  ft) 


'7.  .    Make  recommendations  and 

complete  energy  audit  forms. 


Aud i tors /as s is  tan ts 


8-16  hours 


*10,oon  -•30,000  scjunrc  feet 


KT4 
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ENERGY  AUDITING  INSTRUMENTS 

■  Although  simple  audits  may  require  no  more  equipment 

than  paper,  pencil,  calculator ,. and  tape  measure,  thorough 

audits  of  complex  building  energy  systems  may  require  the 

auditor  to  use  simple  thermometers  aijd  smoke  pellets  -  as 

;  J^_LL__a'i$„„^  n f  r ar e_d  scann e r s  , 

The  energy  auditor  should  be  familiar  with  the  instrument! 

^necessary  for  the  following  measurements,    A  brief  descri^ 

tion  of  each  instrument  is  given. 

•  Temperature  Measurement  f 

Thermometers \    Thermometer  type  used  is  deter- 
mined  by  cost ,  durability,  and  application. 
For  air  conditioning,  ventilation,  <and  hot 
water  system  auditing  (temperature,  fange:  50° 
to  2S0°F) ,  a  multi-purpose,  battery-operated, 
three-probe  thermometer  is  necessary.     A  dial 
thermometer  is  used  for  boiler  and  oven  stack 
%  temperature  measurement  (1000°F)  and  thermo^^ 

couples  are  used  to  measure  very* high *t emper- 
atures  (over  1000°F).  ...  / 

Surface^  Pyrometer :     A  surface  pyrometer  mea1 
sures  the  temperature  of. surfaces.     Its  probe 
must  usually  toych  the  surface  far  a  reading 

 —    --to-be  made.    -Pyrometers  measure  heat -lass 

through  walls  and  test  steam  traps,  among 
other  uses . 

There  are  two  classes  of  surface  pyrometers': 
low  temperature  -  up  to  250°F;  and  high  tem- 
perature -  up  ty  j600°F  to  700°F. 


Nonqpntact  surface  pyrometers  measure  infrared 
radiation  from  a  surface  in  terms  of  heat. 
Optical  pyrometers ,  applicable  only  to  high 
temperature  measurements  (over  1500°F)  measure  - 
the  temperature  of  the  -surfaces  of  bodTeTs  that  < 
incandesce .  - 
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Psychrometer :     The  psychrometer  measures  'r el - 
ative  humidity  based  on  the  relationship  of 
dry-bulb  temperature  to  wet-bulb  temperature. 
Relative  humidity  is  an  especially  important 
consideration  in  auditing  HVAC  systems  and 
-drying  operations.     Recording  psychrometer s 
ar6  available. 


Suction  Pyrometer :    The  suction  pyrometer, 
especially  applicable  to  the  measurement  of 
high  gas  temperature, ^shield$"rhe~lrhe-morcotiple  \/s 
from  wall  radiation.     By  drawing. gases  over  . 
the  thermocouple-  at  high  velocities,  the  sue-  - 
tion  pyrometer  achieves  good  convective  heat 
transfer.     This  makes  it  possible  to  approach 
measurement' of  actual  gas  temperature,  rather 
than  a  temperature  somewhere  between  the  tem- 
perature of  the  gas  and  the  walls. 

Electrical  System  Measurements 

Ammeter:     The  ammeter  makes  a  direct  measure- 
ment  of  electrical  current.    *There  are  both 
indicating  ammeters  and  recording  ammeters. 
v  The  recording  type  permits  measurement  of 
,  current  variations  in  a  conductor  over  a  pe- 
riod of  time  and  records  results  on  paper. 

Voltmeter:    A  voltmeter  ,is  used  to  measure 
the  difference  in  potential  between  two  points 
in  a  circuit.  v  In  series  with  the  ins trument/ s 
*  probes  are ~~aT~? resislrance -(which  deter- 
mines the  scale  of  .the-xead.lngj  and  a  galva^  

nometer.    The  current  .passing  through  the 
fixed  resistance  is  proportional  to  the  line 
voltage,'  ^Thus,  the  galvanometer  deflects  in 
proportion  to  line  voltage.  / 

Wattmeter:  Although  wattage  can  be  calculated 
from  current  and  voltage  readings,  the  wattme- 
ter makes  a  direct  reading  of  wattage.  - 

Power  Factor  Meter';,    The  power  factor  meter, 
primarily  a'  three-phase  instrument,  is  useful 
for  determining  sources  of  poor  power . factor 
within  a  building's  energy  use  system. 
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Footcandle  Meter:     The  footcandle  meter  mea- 
sures  illumination  levels,     A  barrier  layer 
of  photosensitive  cells  produces  current^th^t 
deflects  a  galvanometer.-   JJnlike  light  meters 
used*  in  'photography,  the.  footcandle  meter  is 
cosine  and  color  corrected. 


Combustion  System  Measurements 

Combustion  Tester:     The  combust ion  *  tester  deter- 
— m-ittes  the  concent ratiof^-o€--e^)inbtre^^^  — 
(typically  C02  and«C0)   in' stack  gas  and  also 

tests  for  O2  to  assure  proper  excess  levels. 

> 

The  basic  combustion  test,  the  Orsat  apparatus, 
stakes  a  measured  volume  of  stack  gas  and  makes 
successive  volume  measurements  after  the  gas 
has  been  in  contact  with  selective  absorbing 
'solutions.     The  Ors'at  apparatus  also  determines 
the  volume  of  each  constituent  by  measuring 
the  volume *reduct ion  after  each  absorption 
test.     The  Orsat  apparatus,  however, \is  a  very 
complicated  analytical  tool,  requiring  much 
set-up  and  a  high  degree  of  operator  skill  and 
practice. .% 

As  nan  alternative  to  the  Orsat  apvparatiis>  there 
are  portable  absorbing  instruments  that  deter- 
mine stack  gas  constituents  on  an  individual 
basis. 

Boiler-  Test  Kit-:    A  typical-  boiler,  tes,t  kit 
contains  three  gas  analysers  {CO ,  C02  ,  02) 
"and  "an  inclined  manometers  — —  2  


Gas  Analyzers:     The;  FyrjLtfe  gas  analyzer,  al- 
though  more  limited  and  less  accurate  than  the 
Orsat  apparatus,  is  simple,  easy  to  use,  and 
comparatively  inexpensive.     Fyrite  gas  ana- 
lyzers are  particularly  suited  for  use  in  en- 
ergy audits,  despite  lower  accuracy.  When 
Fyrite  analyzers  are  used,  three  readings 
should  be  made  and  results  averaged. 

Draft  Gauge :  The'  draft  gauge  (either  the 
pocket  type  or  the  inclined  manometer")  is 
used  to  measure  pressure. 
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Smoke  Tester:     The  smoke  tester  measures  the 
"completeness  of  combustion.     (Smoke  is  un- 
buyu^<carbon ,  which  pastes  fuel,  causes  pol- 
lution, and  fouls  the  surface  of  heat  ex- 
changers.)    In  use,  th$  sfhoke  tester's  probe 
draws  a  volume  of  flue  ga*s  through  filter 
paper.     The  smoke  spot  thus  produced  is  then 

,  visually  compared  with  a  standard  scale.  

*  * 

Combustion  Analyser:     The  electronic  combus  - 
■  tion^anarlyzei?  permits  fast,  precTs6  adjtist- 
ments  for  selective  readings,  and  uses  a 
digital  display  for  results.     Its  probe  ar- 
rangement allows  measurements  to  be' made 
'    through  a  single  stack  or  breaching  hole. 

HVAC  System  Performance:     Air  Velocity  Measurements 

Smoke  Pellets :     The  range  of  usefulness  of 
smoke  pellets  is  limited,  but#they  are  inex- 
pensive and  can  provide  acceptably  accurate 
velocity  measurements  when  used-  by  experienced 
personnel .  ^-^"^ 

Deflecting  Vane  Anemometer:     This  is  an-  ac-t 
ceptably  accurate  measuring  device  that  indi- 
'  cates  air  movement.     The  device* -costs  approx- 
imately $50.'  fc 

Revolving  Vane  Anemometer* :     This  instrument 
♦  also  indicates  air  movement  with  acceptable 
accuracy.     However,  it'  is  more  expensive  and 
more  easily  damaged  than  the  deflecting  vane 
anemometer.'-  ' 

Pitot  Tube:     This  standard  measuring  instru- 
ment gives  goocR  accuracy.    Available  in 
lengths  ranging  from  12M  (approximately  $20) 
to  48"  ($35) j  the  pitot  tube  must* be  used 
with  a  manometer  (approximately  $20  to  $60). 

Impact  Tube:     This  device,  which  is  convenient 
to  i^se  and  sufficiently  accurate  for  most  au- 
diting, is  usually  packaged  in  an  airflow  me- 
ter kit  that  includes  several  jets  for  testing 
airflow  in  ducts , 'grilles ,  open  areas,  and  so, 
forth.     Typical  kit  prices  range  from  $150  to 
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Heated  t  Thermocouple  :•    This  instrument  is  very 
sensitive  and  accurate,  but  its  cost  (approx- 
imately $500)  makes  it  impractical  for  most' 
auditing  applications. 

)  Hot-Wire  Anemometer:     This  airflow  measuring 
device  »-is  too^,  expensive  and  complicated  for 
any  auditing  applications  except  the  most 
\  critical  monitoring  processes-. 

-HVAC_-Sy^tem~ReTformance a — Temperature  Measurement 

Glass  Thermometers:    Available  in  various 
ranges ,  glass  therm'ometer.s  are  accurate,  con- 
venient ,  inexperisive ,  and  fragile . 

Resistance  Thermometers :,   Very  useful  for  air 
conditioning  system  testing,  resistaijce  .ther- 
mometers are  accurate,  reliable,  and  easy  to 
2^   use."'    Prices  begin  at  approximately  , $150 . 

Thermocouples;    Although  similar  to  the  resis- 
.  tance  thermometer,  cHrome  alum  or  iron  thermo- 
couples do  not  require^battery  power  sources. 
They  are  acceptably  accurate  and  cpmparativ^ely 
inexpensive  (from  $50  up). 

Pressure  Bulb  Thermometers:     These  accurate 
$    and  reasonably  priced  thermometers  (approx- 
imately $40  and  up)  are  most  suitable  for 
permanent  installation. 

Optical  Pyrometers:-   limited  in  usefulness 
-  to- furnace  settings,  these  instruments  cost 
from  $300  up.  •  . 

Radiation  i  Pyrometers  :     These  instruments  arje 
expensive^ (approximately  $500  up)  and  limited 
in  use. 


Indicating  Crayons  :    Although  limitjed  in  use 
and  not  suitable  for  mosp  air  conditioning 
audit  appl ications ,  crayons  are  inexpensive 
($2)  and  may  be  used  in  some  auditing  pro- 
cesses,     *      .  "    
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Thermographs  :     Reasonably  accurate  and  inex--v 
pensive  ($30  to  $60)  ,  thermographs  record 
room  or  space  temperature  and  produce  a  chart 
that  records  variations  over  periods  of  12  to 
168  hours .  . 

HVAC  System  Performance:     Pressure  Measurement 

^Icromanometer":    Although  not  usually  a  portr= 
able  instrument^  the  micromanometer  is^  useful 
—  — -f0T  measuring  pressur^^x^fereiit-raH--,-  and 
costs  from  $30  up. 

Draft  Gauges :     Frequently  designed  to  be  port- 
able,  draft  gauges  cart  measure  pressure  di- 
rectly or  measure  pressure  differentials.  A. 
draft  gauge  costs  from  $30  up. 

Manometers :     Used  far  direct  pressure  measure- 
ments and  with  pitot  tubes  for  airflow  measure- 
ment, manometers  are  frequently  portable  and 
cost  approximately" $30 . 

SwAng  Vang  Gauges:  .  Usually^used  to  measure 
airflow,  these  gauges  are  portable  and  cost 
approximately  $30 . 

Bourdon  Tube  Gauges:    Very  useful  for  measur- 
ing  all  type-s  of_system  fluid  pressure  over 
S  psi,  these  gauges- vary  in  cost  -  the  least 
expensive  starting  at  approximately  $10. 

HVAC  System  Performance:     Humidity  Measurement 

Psychronreters These  are  essentially  wet  and 
dry-bulb  thermometers;  which  are  inexpensive 
($10  to  $30)  and  convenient. 

Electrical  Conductivity:     Instruments  using 
this  measurement  pjocess  are  frequently ^port- 
able and 'compact,  but  comparatively  expensive 
(from  $200  up)v  •  * 
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INFRARED  THERMOGRAPHY 

Infrared  energy  is  ah  invisible  section  of  the  electro- 
magnetic  spectrum,  the  wavelength  of 'which  is  slightly  longer 
than  that  of  visible  light.     (See  Table  '2.)     Recent  technolog- 
ical advances  have  pro'duced  portable  equipment  capable  vof  mak- 
-ing-  rnmni'-e  _  m  g^LLr^yn  p.nf<;  nf  infrarpH   PTierfry^  radi  at  ing  ^fVogLJ?  ur- 
faces.*    The  hotter  a  gdven  surface,  the  more  infrared  radia- 
tion the  surface  emits.'   Differences  in  infrared  xlidTatTori- 


cause  color  variations  on  the  screens  of  infrared  scanners 


These,  color  variations  -are  inte 


jpreted 


to  determine*where  a 


building 'Or  energy  sys'tem  is  los-ing  he'at. 


TABLE  2.     THE  ELECTROMAGNETIC  SPECTRUM. 


Gamma  Rays 


10  « 

high  energy 
radia  tjon  . 
short 

wavelength" 


X-Rays 


10- 2 


Visihle 


Inf  rared 


Microwave 


0.4 


0.75 


10' 


Wavelength  is  expressed  in  micrometers  (um). 


Rail  in  Nnvc 


10*  — 

low  citerp 
radint  ion , 
long  wavc- 
] ength 


The  infrared  detector  absorbs  infrared  energy  and  con- 
verts it  into  electrical  current.    This  current,  in  the  ther- 
mal infrared  scanner,  develops  an  image  of  infrared  radiation 
differences  on  photographic  film.     Photo- type  infrared  scan'- 
ners  use  current  to  produce  an  image  on  a  cathode-ray  tube, 
thus  permitting  analyses  that  track  processes  dynamically  and 
in  real  time. 

J 
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/^Typically,  the  1  ightest,  colors  on  the  display  represent 
•t^e/yarmest  temperatures,  while  the  darkest  colors  represent 
coolest  temperatures.     Sensitivity  of  currently  available^, 
equipment  is  in  the  rangs  of  -30°C  to  over  2000°C,  with  an 
accuracy  of  less  than  0.1°C. 

Ftfr  most  sophisticated,  auditing  purposes,  hand-held  in.-  - 
JEraredlstcanners  are,  sufficient .     However-,  there  are  companies 


that  provide  aerial . infrared  scanning  services  that,  in  addi 

tionTto "^TTowTng  lieat  losses  through  -the  bui^iivg— e^peio- 

can  also  reveal  underground  ^§team  pipe  leaks,  hot  gas  dis-> 

charges,  leaks,  and  other  losses  difficult  or  impossible  for 

the  auditor  to  detect  from  the  ground.- 

The  variety  of  infrared  scanning  devices  .is  wide,  both 

§  *  '* 

in  configuration  and  cost.     Capabilities  and  instructions  -for 
use  of  particular  units  are  provided  by  the  manufacturers, 
typical  prices  range  from  $400  to  $50,000.* 


ENERGY  SAVING  POTENTIAL 

"*  ' 
The  following  are  a  few  energy  management  and  conserva- 
tion opportunities . *  While  this  list  is  only  a  beginning,  it 
sliould  enci5irrag"e^ ttre— rtu d eh-t— to— eo nsid^r— t-he^r.ela tiojishi p__oi_ 
auditing  to  energy  conservation.  • 


CONSERVATION  OPPORTUNITIES  WHILE  HEATING  BIWLDIN)GS 

The  amount  of  energy  or  fuel  required  to  heat  a  building 
.is  dependent\upoln  the  level  of  temperature  iwfQNrelative  humid- 
ity indoors;  tW  amount  cjf  ventilation  and  infiltration  air 
that  must  be  headed;   the  severity  and  duration  of  the\putdoor 
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temperature  below  indoor  room  conditions;'  the  thermal  prop* 
ties  of  the  building  envelope;  and  the  efficiency  of  the  dis- 
tribution system,  burners,  boilers,  and  furnaces.  ^ 

Directive  1 :     Maintain  lower  indoor  temperatures  during 


the  heating  season, 

•  Lower  indoor  -temperatures  reduce  the  heating 
load  due  to  ventilation  and  infiltration-  as 
well  as  heat  loss  by  conduction  through  the 
building  envelope. 

Lower  the  thermostat  setiting  to  68°F  or  less 

Hiirincj    nrnmi  pH    hnnr<;_  w 


during  occupied  hours. 

Lowar  the  ^thermostat'  setting  to  58°F  or  less 
at  night,  on  weekends,  and  during  all  other 
unoccupied  periods. 

After  reducir^P^h^ heating  loads,  adjust  the 
distribution  system,  tfciler,  and  burner  ac- 
cordingly to  further  reduce  fuel  consumption. 

« 

See  Example  A. 


A. 


I 


EXAMPLE  AT*   SAVINGS  BYxNK 


SETBACK. 


OPERATIONAL  CHANGE:  Thermos^ 
589F  at  night,  -weekends,  and 


rs  lowered  from  68°  'to 
[olidays. 


B.  ASSUMPTIONS: 

Office  building  -  Chicagp^f  Illinois  (6,500  degree 
days  . )  e 

Floor  area  —  50  , GOO^Square  feet. 

Conditions  before  operational  change  —  Building  occu- 
pied 40  hours  per  week;  outside  air  supplied  only 
during -occupied  periods;  fuel  consumption,  64,000 
gallons  of  oil  .per  year  at  $l/gallon. 
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Example  A.  Continued. 


C.  SAVINGS: 

Energy  -  8*,  200  gal/yr;  a  savings  of  12.: 
Dollars  -  $8,200/yr. 

D.  IMPLEMENTATION  COST:  None. 


Directive  2 :  Shut  OFF  outside  arr~clur ifg^all  unoccupied 
periods .  .  .  > 

•  Close  outside  air  dampers  or  shut  OFF  outside 
air  fan  during  unoccupied  hours  of  the  heating 
season,   including  noon-day  periods  when  build- 
ings may  be  lightly  occupied  and  periods  when 

t«  areas  such  as  auditoriums,  ca|eterias,  gymna-. 
siumsj  dormitories,  and  conference  rooms  are 
unoccupied .  > 

•  Reduce  or  shut  OFF  outdoor  air  entirely  in  re- 
tail stores  during  periods  of  the  day  when  oc- 
cupancy is  considerably  less  than  normal. 

In  religious  luildings,  shut  OFF  outdoor  air 
for  all  days  cLring  the  week,  as  wfell  as 
nights,  When  Uie  buildings  are  unoccupied. 

•  See  Example  B. 


EXAMPLE  B:.   SAVINGS  BY  SHUTTING  OFF  VENTILATION. 


OPERATIONAL  CHANGE:     Shut  OFF  outside  air  at  night 
and  other  unoccupied^  periods  by  closing  outside  air 
dampers  of  air-handling  unit 
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Example  B.  Continued 


B. 


ASSUMPTIONS: 


mneapolis,  Minnesota  (8,400 


Office  building  - 
degree  days) . 
Floor  area  -  300,000  square  feet.  * 
Conditions'  before  operational  change  -  Unoccupied  128 
'hours  per  week;  outdoor  air  supplied  24  hours  per  day 
at  30  cubic  feet  per  minute  (cfm)  per  person;^  fue.l 
consumption  =  250  ,  000  gallons  of  ojLl  per  year  at  $1/ 
"pTlTrn~  —  '  . 


C.  SAVINGS: 


Energy  -*  68,100  gal/yr;  a  savings  of  32.5% 
Dollars;-  $68,100/yt. 

D  .^IMPLEMENTATION  COST*  None. 


Directive  3:     Reduce  the  quantity  of  out&door  air  for- 


ventilation  during  "qccupied  hours 
•    A  Induce  the  amount  of  ventilation  air 


mg 

occupied  hours  by  setting  outside  air  dampers 
and  controls.     Generally,  only  5  cfnt  per  per-/^?/ 
son  is  necessary*;to  maintain  proper  ai,r  qual- 
ity, but  smoking  in  many  areas  may  raisp  the 
average  requirements'  to  about  8  cfto  person. 

See  Example  C. 


L 


/.      EXAMPLE  C:     SAVINGS  BY  REDUCING  VENTILATION  RATE.  / 

t  ;  ■  -  : — 

A.  OPERATIONAL  CHANGE:  Adjust  dampers  to  reduce  outdoor 
air  from  22  tffm  pfcr  person  to  8  .cfm  .per  person  during 
occupied  h'offrs.  .  * 
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Example  C/  Continued, 


p. *    ASSUMPTIONS:  \ 

O'ffice  building  -  Minneapolis,  Minnesota  (8,400 
degree  days) . 
:     Floor  area  -  350,000  square  feet. 

'Conditions  before  operational  change  -'Occupied  40 
hours  per  week; '"outdoor  air  =  30"  cfm  per  person; 
2,000  occupants  -  60,000  cfm;  'fuel  consumption  * 
450,000  gallons  of  loil  per  year  at  $l/gallon. 

C.  SAVINGS:      *  %  .    i  '.  L 

Energy  -  137,104  gal/yr;  a  savings  of* 30%. 
Dollars  -  $137,104/yr. 

D.  IMPLEMENTATION  COST:     None.^  1 


Directive  -4 :     Reduce  the  rate  of  inf iltjation. 
i  <* 
I  •.Air  infiltrates  through'  cracks  around  ^doors 

and  windows-,  through  construction  joints, 
c       •*  and.  through  doors  that  are  frequently  'opened . 
^  Infiltration  occurs  whether  the  building' is  og- 

/    %       cupied~or  not1;    When  exhaust  fans  are  operating 
and  outdoorl^a4r*  ventilation  Is  insufficient  to, 
\  provide  make-up', air infiltration  rates  increase 

•  Reduce  air  leakage  by  sealing -and  caulking,  . 
bleaks  around  windows' and  doors. 


Seal' construction  joints.     *"  *  " 

Reduce  exhaust  air  .volume  vand  operating  hotfrs,/ 
6f  exhaust  system's . 


See* Example  D, 


,  / 

/ 
/ 


/  < 
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EXAMPLE  D;     SAVINGS  -DUE  TO  CAULKING 


A.  OPERATIONAL  CHANGE:     Caulk  wijidows  to  reduce  dnfil'* 
tration  rate  from  one  air  change  per  hour  t(o  one- 
half  air  change  per  hour. 

B .  °x  ASSUMPTIONS : 

School  -  Fargo,  North  Dakota  (9,000  degree  days) • 
Floor  area. -r  300 , 000  square  feet,'         '  •  * 
*  Conditions* before  operational* change  -  Occupied^  36 
hours  per  week;  average  indoor  temperature  during 
unoccupied  periods  =  60°F;  existing  double  wijidows 
.  . -  .  (*2£,000  squa're  feet)  =  1,000  windows;  present  fuel 

consumption  =  225,000  gallons  per  year  at  $l/gallon/ 

C.  SAVINGS: 

Energy  -r  33  ,  300  •  gal/yr ;  a  savings  of  14.8%.     •  . 
Dollars  -  $33,o00/yr.  r 

D.  -   IMPLEMENTATION  COST:     $10,000  (for  caulking  material 
,  and  labor) .  '  ' 


Directive  5  :     Reduce  f  an-ifor.sepower  N 

\  The  quantity  of  air'  (in  cfm)  circulaTfed  for 
heating  often  can  be  reduced  in  response  to 
reduced  heating  loads',  or  upon^an  analysis 
indicating  that"  the  current  cfjn  circulated 
is  not  required.    Air  quantit^$,  set  for     -  r 
cooling  loads, %may  often  .be  reduced  during 
the*  heating  season  wJfl&n  the  same  system  is 
»  used  for  both  heating  and  cooling.  Reducing 
,    the  air  quantity  for  systems  operating  agaihst 
high  static  'pressures ,  with  motors  25  horse- 
power or  larger,  can  result  in  significant 
savings  during  both ' the  heating  and  coolijg 
season.  -  .  ...        •  t  . 

\  See  Example  E.  .    '  ' 


Page  J.8/EA-02 


/ 


4 


A. 


'EXAMPLE  E:     ENERGY  SAVINGS  BY  REDUCING  AIRFLOW. 


OPERATIONAL  CHANGE:     Reduce- supply  air  quantity  by 
201  by  reducing  fan  speed  61.     Fan  speed  i-s  reduced-  . 
by  changing  the  driver  pulley./  '  • 

ASSUMPTIONS :  -    t  .         '  -        •         "  ^       \    „  , 

Retail  store  -  New  York,  New  York.  « 
Floor  area  -  100,.000  square  .feet.  •. 

Conditions  before  operational  .change  -  ,Air  quantity  = 
1-1/2  cfm/'sq  -ft;  1-1/2  cfm  x  100  ,000  sq  ft  =  150,000  " 
cfm  at  static  pressure.     Fan's  operate  for—2,500  hours1' 
per  year.     Energy  used  360,000  kWh/yr  at  Stf/kWh.  ' 

SAVINGS  :*     ^  ^ 

*>  .  •  *. 

Energy  -  1»18  ,000  kWh/yr;  a  savings  of  33%. 
Dollars-  -  $S,9407yr.  *  — 

IMPLEMENTATION  COST:     Less  than  $500  (for  Dulley 

change  and,  labor). 


S 


Directive  6:     Improve  combustion , and  boiler  efficiency 

•  The  efficiency  of  $he  boiler/burner  unit  or  * 
furnace  decreases  rapidly 'when  combustion  is 
improper ?  when  the  combustion  surfaces  accumu- 
late 'soot'  and  scale,  or  when  excess  combustion 
aiE  increases  the  -stack  temperature.  Any  per- 
'cefitage  increase  in  seasonal  boiler/burner  ef- 
ficiency directjy  reduces  fuel  consumption  'in 

-the  same  proportion.    /  * 
t        .  * 

.  •  Te3t-th&  combustion  efficiency  with  p.roper' in- 
struments and  adjust  the  firing  irate  and  com- 
bustion air  rate  accordingly. 

Adj.ust  the,  automatic  damper  to  con.trbl  the 
draft  in  accordance  with  the  firing  rate.  % 

•'Remove  scale  and  soot  from  th$  boiler, 

•  See  Example  F. 


9 
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EXAMPLE  F:     ENERGY  SAVINGS  BY  IMPROVING 
COMBUSTION  EFFICIENCY. 


A.      OPERATIONAL-  CHANGE:     Descale  boiler  surfaces.  Remove 
soot.     Adjust  combustion  efficiency  to'improve  boiler- 
burner  efficiency  by  10%. 

B:  ASSUMPTIONS:. 

Retail  store  -  tfew  Xorfc,  New  York  (4,800  degree  days) 
Floor  area  -  10()7V000  -square  feet.    -  J 
Conditions  before  operational  change  -.Fuel  consump- 
tion =  100,000  gallons  of  oil  per  year  at  $l/gallon; 
>  occuped  72  hours  per  week. 

C.      SAVINGS:    >  -- 

•Energy  -  10,00.0  gal/yr;  a  savings  of  10%. 
 Dollars  -  $10,000/yr. 


D. 


IMPLEMENTATION  COSTS: 


y 


$l,500/yr  (to  service  burner 
and  boiler  at  four-month  in- 
tervals during  the  hea.tiitg 
,  season) . 


COOLING  - 

The  amount  of  energy  required  toycool  aNbuilding  is  de- 
pendent upon  the  level  of  temperature  an^issre^t ive  humidify 
indoors;  the  amount  of  ventilation  air  and  infiltration  ?ir 
that  must  be  cooled  and  dehumidified;  the  severity  and  dura— 
tion  o£  the  outdoor  temperature  arid  humidity  above  indoor 
room  conditions;  the  thermal  properties  of  the  building  enve- 
lope; the  heat -gain  through  walls  ,  oroof ,  and  windows  due  to 
solar  radiation;  -and  the' magnitude  ^id  duration  of  ^the^inter 
nafl  heat  gain  due  to  pjeople  and' to  equipment  that  emits  n£at 
and/or  .moisture.       /  ,        *  .  ^ 


ERJC 
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Directive  7 :    Operate- the  system  a.t  appropriate  hours. 

•  Shut  OFF  all  refrigeration  equipment  and  aux- 
iliaries, including  fans,  pumps,  cooling  towers, 
and- condensers ,  during  all  unoccupied'  hours  —  at 

*'        night,  on  holidays,  and  weekends. 

•Delay  the  operation  of  the  refrigeration  sys- 
tem for  one  or  two  hours  in  the  morning  and 
shut  OFF  prior  to-  closing  time,  except  in  the 
most  severe  hot  spells. 

t 

•  See  EXample  G.  ^ 


EXAMPLE  G:     SAVINGS  DUE  TO  REDUCING  THE  NUMBER  OF  HOURS  OF 
OPERATION  OF  THE  COOLING  SYSTEM  DURING  OCCUPIED  HOURS. 


A-      OPERATIONAL  CHANGE:     Entire . cooling  system  operated 
two  hours  less  per  day  for  six  days  per  week. 

KB.    /ASSUMPTIONS:   y  .  „ 

Retail  department  store  -  New  York,  New  York. 
Flpot  area  -  2  501,000  "square  feet. 
.Conditions  before  operational  change  -  Cooling  system 
operated  84  hours  per  w^ek;  electric  rate  =  5{AWh. 

SAVINGS;  <  *  / 

Energy  -  234,800  kWh/yr;  a  savings  o£  141. 
Dallars  -  $ll,700/yr. 

D.  *    IMPLEMENTATION  COST:  "  None..  / 


7 
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Directive  8:     Reduce  the  quantity  of  outdoor  air  venti- 
lation. —   !  „t  

•  Measures  to  reduce,  outside  air  ventilation  (and 
infiltration)  to  conserve  heating  energy  will 
al$o  result  in  decreased  summer  cooling  loads ^ 
Where  infiltration  exceeds  one-half  of  an  air 
change  per  hour  far  buildings  in  humid  climates,, 
measures  to  reduce  infiltration  wall  provide 
major  energy  savings  for  cooling,  as  well  as 

for  heating.  * 

•  During  occupied  hours,  re-duce  the  amount 'of 

air  for'  ventilation  as  in  the  measure  described^ 
in  Directive  2  . 

•  See  Example  H. 

n 


EXAMPLE  H:     SAVINGS  BY  REDUCING^THE  AMOUNT  OF  OUTDOOR 
 AIR  FOR  VENTILATION .   

A.      OPERATIONAL  CHANGE:     Adjust  dampers  to  reduce  outdoor 
air  from  30  cfm  to  8  cfm  per  person  during  occupied 
hours.        ■  * 


B.  ASSUMPTIONS:  "  j 

Office  building  -  Miami,  ✓Florida.  ' 
Floor  area  -  100,000  square  feet. 

Conditions  before  operational  change  -  Occupied  40 
hours  per  week;  outdoor  ventilation  air  at  30  cfm  per 
person  x  667  occupants  =  20,000  cfm;  electric  costs  '= 
5^/lcWh.     Annual  energy  consumption  for  chiller  = 
715,000  kWh/yr  at  5f/kWh. 

C.  SAVINGS: 

Energy  -  63,000  kWh/yr;  a  savings  of  8%. 
-  Dollars*^-  $3,150/yr,  -  . 

D.  .     IMPLEMENTATION  COST:     None.  ___  _ 
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Directive  9:  '  Use  outdoor  air  for  free  cooling. . 

•  For  the  many  periods  during  tire  year  when  dry- 
bulb  temperature  is  below  the  setting  for  room 
conditions,  the  use  of  outdoor  air  for^cooling 
reduces  the  hours  of  operation  of  the  refriger- 
ation system. 

•  Using  outdoor  air  at  night  to  reduce  .the  late 
afternoon  sunloads  that  are  stored  in  the  build- 
ing mass  and  precooling  the  building  will  result 
in  fewqr  hours  of  compressor  operation  on  the 
following  day'. 

•  Enthalpy  control  may  be  even  more  effective 
in  saving  energy  in  locations  where  there  are 
fewer  than  8,000  wet -bulb  degree  hours. 

•  On  cool  days,  open  the  damper  to* circulate 
100%  outdoor  air  foz  sensible  cooling.  It 
may  be  necessary  to  open  the  windows  slightly 
to  relieve  pressure. 

•  If  equipped  with  an  enthalpy  controller,  set 
it  to  permit  full  outdcpbr  air  supply  when  the 
total  heat  conten^bs£>xhe  outdoor  air  is  be- 
low room  conditions. 


•  See  Example  I . 


T 


EXAMPLE  I:     SAVINGS  BY  USING  OUTDOOR  AIR  DURING 
OCCUPIED  PERIOD  IN  AN  ECONOMIZER  CYCLE. 


A..    OPERATIONAL  CHANGE:     Operate  an  economizer  cycle  for 
690  hours  per  year  by  opening  the  outdoor  air  damper, 
closing- the  return  air  damper,  and  opening  a  few  win- 
dows for  pressure  relief. 


7  4 
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Example  I.  Continued. 


B.  r  ASSUMPTIONS: 

Office  building  —Denver,  Col( 
Floor  area  -  50,000  square  fe£l. 

Conditions  before  operational  change:  *  Occupied  40 
hours  pe^  week;  annual  energy  consumption  for' 
chiller:     245,000'  kWh/yr  at  5{/kWh;  refrigeration  ' 
cycle  OFF  at  night.  • 

C.  \  SAVINGS:  -  * 

Energy  -  85,000  kWh/yr;  a  savings  of  34.7%. 
Dollars-      $4  ,  250/yr . 

D.  IMPLEMENTATION  COST:  None. 


Directive  10 :  Permit  higher  indoor  temperatures  and, 
relative  humidity  during  occupied* hoars .  . . 

•  By  allowing  higher  t  temperature  apd  ftumi'dity 
;     conditions  in  the  summer,  the  cooling  load 

is  reduced  and  chillers  or  compressors  will 
operate  fewer  hours  and  consume  less  energy 
per  hour  of  operation.     Higher  room  tempera- 
tures will  also  permit  a*  reduction  in  s&pply 
air  quantity  with  a  savings  in  motor  horse- 
power. 

*> 

•  See  Example  J. 
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EXAMPLE  J:     SAVINGS  BY  RAISING  INDOOR  TEMPERATURE 
HUMIDITY  LEVELS  AND  CHILLED  WATER  TEMPERATURES. 

f 

A.  OPERATIONAL s CHANGE :     During  the  cooling  season,  -raise 
indoor  temperatures  from  72°F  to  78°Fvand  relative 
humidity  from  50%  to  60%.     Raise  chilled  water  tem- 
peratures from  42°F  to  46°F. 

B.  ASSUMPTIONS*:      '  - 

Office  building  —  Miami,  Florida.  '  ^-7 

*     Floor  atea  -  100,000  square  feet;  number  of  stories  — 
10.  • 

Conditions  before  operatioi*al  "change  —  Building  oc- 
cupied 40  hours  per  weekx  annual  energy  consumption 
.  for  chiller  -  715  ,000  kWh  at  5<p/kWh. 

C.  SAVINGS:  ^ 

Energy  -  115,000  kWh/yr;*  a  savings  of  16%. 
Dollars  -  $5,750/yr.  - 

D.  IMPLEMENTATION* COSTS:-  None,  if  done  manually. 


Directive  11:  Reduce'  the  solar  heat  gain  through  win- 
dows. -  . 

•  Thevsolar^heat  gain  through  windows  can  be  a 
large  percentage  of  the  "cooling  load  in  offite 
.buildings,  schools,  and  in  small  stores  where 
show  windtfws  are* in  direct  sunlight. 

•  The  greatest  amount  of  solar  radiatjon  in  the 
cooling  season'  strikes  the  west,  and  east  giass.* 
The  next  greatest  amount  of  sola.r  radiation 
strikes  the  southern  facade. 

y 

,      *  Reduce  the  solar  heat  through**  windows  by  ad- 
justing existing  awnings,  blinds,*  or^arapes 
"  on'  each  window  when  they  are  in  direct  sun- 
light.   
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•  Add  relfective  solar  film  to  all  windows  in 
^direct  sunlight. 

•  See  Example  K.  % 


EXAMPLE  K:     SAVINGS  BY  REDUCING  SOLAR  HEAT  GAIN, 


A.  OPERATIONAL  CHANGE:     Reflective  solar  film*  should  be 
added  to. east,  west>  and  south  windows  to  reduce  / 

'shade  coefficient  frorrr-0.9  to  0.15.    Air  and  chilled 
systems  operation  should  be  reduced  accordingly. 

B.  .  ASSUMPTIONS.  v 

Office  building  —  Mj,ami Florida.  ^ 

Floor  area  -  100 , 000" square  feet;  number  of  stories,- 

10. 

Conditions* before  operational  change  -  Cooling  system 
in  operation  40  hours  per  week;  window  area  on  west, 
*    south,  and  east  facade  —  10,000  sq  ft  existing  win- 
dows —  clear,  single  glazed.     Annual  energy  consump-^ 
tion  for  cooling  =  1,100,000  kWh  at  5*/kWh.  —  % 

C.  SAVI\N£S: 

Energy  -  170,000  kWh/yr;  a  savings  of  151. < 
•        Dollars  -  $8,500/yr. 

D.  IMPLEMENTATION  COST:     At  installation  cost  of  $ 2 . 2 S 

per  sauare  foot  =-"$22  ,500. 

*Ti$e\film  may  require  replacement  after  8  to  10  years. 
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Directive  12 •  Reduce  supply1  and  return  #airf lbw  and 
chilled  water  quantitiq^. 

•  Reducing  the  cooling  loads  and  analyzing  the 
operation  of  the  existing  air  conditioning 
system  mak£  possible  many  opportunities  to 
reduce  fluid  flow. 

•  While  dampening  (in  the  case  of  air  ducts) 
and  valving  (in  the  case  of  water  piping) 

.  will  reduce  flow  rate  and  energy  itoput  to 
motors,  'greater  savings  can  be  gained  by 
redtrefng  motor  speed  (and/or  for  piping 
system,  by  changing-  the  impellers).  For 
systems  with  motors  drawing  25  brake  horse- 
power (bhp)  or  more,  the  .yearly  savings  can 
be  very  significant.     CAUTION:;    Dq  not  ne- 
glect the  smaller  motors  and  systems;  their 
aggregate  energy  draw  may  be  very  high.    *  «• 
Follow  references  in  Directives  6  and  7  for 
fan  and  motor  modifications  during  periods 
when  the  cooling  system  is  in 'operation . 


C^tive  13:     Clean  and  descale  condenser  tubes. 


The  efficiency  of  chillers  and  refrigeration 
condensers  decreases  markedly  as  scale  builds  . 
up  in  the  tubes.     Check  condenser  temperatures 
on  a  regular  basis  and  descale  tubes  at  least^ 
once  per  year. 

See  Example  L.  V  ». 


feXAMPLE  L:     SAVINGS  BY  CONDENSER  MAINTENANCE. 


A.  OPERATIONAL  CHANGE:    Descale  condenser  .tubes' to 

reduce  fouling  factor/  to  0.00005  or  less 

B.  ASSUMPTIONS^ 

Retail  department  sttare  -  Dallas,  Texas. 
Floor  area  -  100,000  square  feet. 
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Example  L.  Continued, 


Conditions  before  operational  change  —  Building,  oc- 
cupied 72  hours  per  week;  average  fouling  factor  = 
0.001;  annual' energy  consumption  for  chillers  = 
650,000  kWh/yr  at  5*/fcWh.  -  , 

SAVINGS: 

, Energy  -  116,000  kWh/yr;  a  savings  of  18%. 
Dollars  -  $5,800/yr. 

IMPLEMENTATION  COST:     $2,000/yr  (to  Maintain  the  con- 
densers and  all  air  condition- 
ing equipment) . 

Directive  14 :  Operate  at  tyigher  chilled  water  and  sue- 
tion  temperatures  to  increase  the  efficiency  of  the  re- 
frigeration chillers. 

•  There  aifc>  extensive  periods  of  time  (in  some 
cases,  the  entire  year)  during  which  the 
chilled  water  temperature  can  be  raised  by, 
4°  or  6°  or  more.     Accordingly,  the  refriger- 
ation compressor  or  chiller  can  operate  at  I 
higher  suction  temperatures.     An  -increase  oY 
1°  in  the  suction  temperature  of  the  chiller 
(or  compressor  in  direct  expansion  systems) 
results  in  a  reduction  oT^l-l/Z  to  2%  in  the 
power • requirement  for  the  refrigeration  unit. 
The  savings  in  operating  costs  by 1  increasing 
chilled  water  or  suction  t emperaturas^  for 
systems  of  15  horsepower  £hj))  and  more  are 
'significant . 


•  Raise  the  chilled  water  temperature  from  2  to 
8  degrees  higher  when  cooling  load  permits. 

•  Raise  the  chill.ed  water^temperature  in  build- 
ings for  those  portions  of  the  day  when  cool- 

•  ing  loads  are  likely  to  be  lower  (i.e.,  dur-  ■ 
ingj slack  business  hours  in  retail  stores; 
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noon  hours  when  office  buildin-gs  ar^  par- 
tially vacated;  morning,  pre-occupancy  pe- 
riods after  a  night  shutdown) .       /  ^ 

/ 

See  Example  M.    -  •' 


XAMPLE  M: 


ENERGY  SAVINGS  BY  /RAISING  CHILLED 
WATER  TEMPERATURE. 


/ 


/ 


A.  OPERATIONAL  CHANGE:     Raise  cMllecl  water  tempera^ 
"  from  42°  toN  48°F  for  all  normal  operations 

\  \  /' 

B.  ASSUMPTIONS:  >x 

Retail  department^store  -/Los  Angeles,  California. 
Floor  area  -  50  ,000  samara  feet.  ,  j- 

Conditions  before  operaTMonal  change  -  Building  / 
occupied  72  'hours  per  week^cooling  system  OFF  at 
light;  present  energy  Consumption  for  refrigeration  v= 
316^000  kWh/yr  at  5*ktyh. 

SAVINGS^ 

Energy  -  3>>000  kWh/yr;.a  savings  of  10%.  \/ 
Dollars  -  $1  jWXP/yr/. 


IMPLEMENTATION  C0< 


None.,  if  done  manually;  nominal 
lt~'for  controller  and  sensor 
utomatic  operation)  . 


/ 


Directive  15:  /  Reduce  the  condensing  temperature  of  com 
mercial  refrigeration  units  to  improve /operating  effi- 
ciency > 

•  In  general,  air-cooled  condensing  units  serve\ 
a  layge-  number  of  supermarket  refrigeration 
cases.     These  units  are  of tenycrowded  into  % 
storage  areas  where  they  are ^partially  blocked, 
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/ 


/ 


mounted  outdoors  in  direct  sunlight,  .or 
mounted  and  neglected  on  the  roof  or  an- 
-^other  remote  Ideation/ 


•- See  Example  N. 


EXAMPLE  N:     ENERGY  SAVINGS  BY  REDUCING 
CONDENSING  TEMPERATURE. 


OPERATIONAL  CHANGE:     Condenser  coils  for  refrigera- 
tion cleaned  to -reduce  average  condensing  temperature 
from  115°  to  95°F.  .  % 


ASSUMPTIONS: 


Supermarket  —  New  York,  New  York."     '  eC      ,  *  * 

Floor  area  —  25,  000  square  feety.  >  . 
Conditions  before  operational  change  —  120  hp  in- 
*         stalled  capacity;  refrigeration  units  operate  an 

-v  average'  of  12  hpurs  per  "day  or  4  ,38  0  hours'  per  year, 

Annua*  energy  consumption  for  refrigeration  = 
.  420,  000  kWh/yr  at.  S.SJ/KWh.  '  '  % 

C.      SAVINGS : 

Energy  -  .84-,000  kWh/yr;  'a  savings  of  20%'.  v 
-  Dollars  -  $4,"620/yr.        '  \J) 


D.       IMPLEMENTATION  COST:  Negligible. 


LIGHTING 

* 

Modification  to  the  operation  of  the  lighting  system  and 
to  the  system  itself  provides  the  greatest  opportunity  tg>  re7 
duce  energy  consumption.     Simply  turning  OFF  unnecessary 
lights,  day  and  night,  and  making  greater  use  of  available 
daylight  for  illumination,  saves  energy  i;or~  both*  lighting  and 


Page  30/EA-02 

erIc  .  .      „       V  •  's> 


;  a 


air  conditioning  with  no  'add-ed  costs,     Better  cleaning  and 

maintenance  practices  *  Increase  the . efficiency  of  the  lighting 

system»and  provide. the  opportunity  for  lamp  replacement  (by 

lamps  of  lower 'wattage)  or  removal,  or -the  switching, OFF  of* 

lights *—  with  Little  or  no  reduction  in  illumination  levels. 

Q    Directive  16:     Utilize  daylight  to  reduce  the  lighting 

»lo'ad .  -  £ 

*  •  .Windows*,  pfpperly  exploited,  can  provide  a  * 
sizeable  part  of  the  illumination,  required 
in  small  stores  and  office  buildings  dur- 
%.  ing^a  large  portion  Vf  the  building's  oc- 
* cupied ■ hour s . 

•  Open  drapes  and  blinds  during-  the  day  to 
*  ta.ke  advantage  of  daylight  at  the  perim*»- 

ters  ©f 'the  building,  Khile  controlling 
glare^and  excessive  solar  radiation.  ■  It 
"should  be  recognized  that  excess  daylight 
may  caus^  mat'exials  ,  to  fade  and  change 
>    ^    color.  • 


•  Switch  OFF  the  lights  'that  'are* not  needed 
i   when  daylight  can  supply  *ne\:esysary  illu- 
mination.  -  .  , 

•  (;*See.  Example  ^0. 


« 


-EXAMPLE  0:.   ENERGY  SAVINGS  BY  REDUCING  •' 
-llGHTrNG  LOAD. 


A".  o  ..OPERATIONAL.  CHANGE/'.  Perimeter  l.ights  turned  OFF  • 
.approximately  50%  .of  occupied  "hours  .  ^ 

-*•".'"'»      v  .  • 

•B.  -  ASSUMPTIONS:  •  . 

v  Office 'building  -  Neti  York",  New  York.  , 
*   Floor  afce£'-  100^,000  "square  fee#t;  number  o£  stories  - 
V.   .10...,  •  •    ,         "  »*  \_  t-      ?      '.        '  * 

Glass  larea  -;  331  .of  net  wall  .area."  ,        « f '  •  ».  *""\ 


.82^    ,  • 
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Example *0.  Continued. 


Available  daylight  —  501  of  occupied  hours. 
Switching- arrangement  —  Separate  switches  £o*r  perim- 
eter row  of  lights.. 

Electricity  used  for  lighting  -  935,000  kWh  at 
5.5*/kWh.  • 

C.  SAVINGS:  - 

Energy  -  159/000  kWh/yr;  a  savings  of  171. 
'Dollars  -48,745/yr. 

D.  IMPLEMENTATION  COST:  None! 

Additional  savings  in  energy  for  cooling  and  refrig- 
eration equipment  will  also  result  from  reduced  inte- 
rior  heat  gain.  -  1 


1  4b  '  ^ 


Directive  17:     Turn  OFF  lights  when  entire  building  'of 

portions  are  unoccupied. 

•"A  large  percentage  of  energy  used  for  light- 
ing is  wasted  when  all  lights  are  burning 
and  only  a  small  portion  of  the  building  is 
in  use.  ^ 

•    •  Turn  OFF  lights  at  night'. 

/  Turn  OFF  Rights  in  auditoriums,  conference' 
.rooms,  cafeterias,  computer  rooms,-  and  other 
areas  when  not  used  during  the-  day.  , 


/ 


tSchedlile  cleaning  hours  during  daylight.  /If 
this  is  not  possible,  illuminate* only  that 
portion  of  the  building  that  is  being  cleaned 
at  any  one  time. 

See  Exampl?'  p. -  - 
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EXAMPLE  V:    .ENERGY  SAVED  BY  TURNING  OFF  LIGHTS. 


OPERATIONAL '  CHANGE  :<  'Lighting  turned  ON  at  8:00  a*m./ 
and  OFF  at  '5:^0  .p.m.  for  .five  days  per  week«.  Minimal, 
night  ■  light  in'g  during  unoccupied  hours.   .  / 

\  —  y 

ASSUMPTIONS:  .  '  / 


Office  building- — *  New  York,  New  York. 
Floot  area  -  iw),000  square"  feet.  * 
Conditions  before  operational  change'  -  Building 
occupied  40  hours  per  week.     Lighting  tufit.ed  ON  at" 
7:00  a.m.  and  OFF  at  7^00/ p.m.  for '  f  iv^days  per 
week.'   'Connected  lighting  load/of  4  watts  per  square^"" 
foot  =  40.0,000  kWh  x  5.5c^/kWh.  /  '  V 


SAVINGS:  1  ■ 

Energy'  -  300,000  kWh/yr ;-  a  sav 
Dollars  -  $16,500/yr. 


/ 


gs  of  2.5%. 


IMPLEMENTATION  COST: 


Non£ , 


/.».    .  ■    ' '  i 

.Direc-ti've  18^  Reducj^  illumination  levels,  to  reduce 
/lighting  load. 

Lighting'  levels  >are  frequently  higher  than- 
necessarv/for  a  given  task  and  c^n^be  rer 
duced  in/many  ar^as- of  a  .bujllcfing  durjng 
the  day  to  suit-  the  task  being  performed. 
The  level*  of  illumination  necessary  over 
f  ilitfs/cabinets  ,  deadc  corners,,  'storage" 
,area£f  and  some  clerical  arfeas  need  not  be  * 
as/nigh  as  those  levels  for  accounting  areas, 
drafting  tables,  or^ detail  wctrk  stations  oc- 
^rupied'for  many  hours  per  day.     Uniform  light- 
ing in  large  areas  can  be  unnecessary*-  and 
wasteful;  different  tasks  doae  in  an* area  may 
require  different  l^ght  levels.    -Reduce  light- 
ing leyels  when  possible.  * .     -  * 


ERIC 


/ 


/ 


Maintain  existing  lighting  system  to-*  improve 
-the  footcandles/watt  output. 


84  .: 
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•  Analyze  the  tasks*; to  be  performed  and; reduce 
the  levels  whpre  the  ;taskS  are  not  So'crit-  * 
ical'by:  .  .  -  *  ' 

r  •  *  t 

,:  ,  i      a*  -    Replacing  existing  la'mps  with 
^  .   .  'lower 'wantage,  lower  output-  K 

lamps  . "         '      >b  .  ^  ^ 

b.   ;  Removing  some  iatfips  and^  ballasts 
from  f  ixvturjp  .  '  * 

•-See  Example  Q.   *  *  '  '  e  1 


EXAMPLE  Q:     SAVONS,  ENERGY  BY*  REDUCING  LIGHT  LEVEL 
THROUGH  REMOVING  LAMPS  A1JD  BALLASTS.       ,  \ 


A..      OPERATIONAL  CHANGE!  1  Remove  two  of  the  four  lamps 
-  .  s  from  h£lf  of  the  over-head  2'  x  4*   fluorescent  fix-  9 
tures  and  disconnect  the  associated" ballasts .  y* 

Br".  .    ASSUMPTIONS:  '  ,       •  '  "    ~?  ' 

Retail  department  *store  —  Los  Angeles,  California. 
Floor  area  —  100,000  square  feet./  .  ~-r- 

Conditions  before  opera£ionai  change  —  Lights  on  ,for 
72  hours  per  week;  lighting  levels  averkge  80, foot- 
candles;  electric  use  ;=  JL  5400',p00  kWfi/yr  at..  S>*/JcWH. 

G;.      SAVINGS:     "  .  1     '  /  „      ;    *  *         '  °    '  - 

Energy  -  575 , 000.  .kWh/yr  ;*  a  savia#s  of  28?.* 
.Dollars  U  $18,750/yr.  •  •  ;  r*    ■  ' 

D.       IMPLEMENTATION-  a5sTp    $4,000  (to  Vemovfe  lamps  &nd 
disconnect  »;ballas*s»5  /    New-lighting  levels  average 
6S  footcandl.es.  ,  Note  that  the  level  of . illumination 
decreased  only  16%. 


*  V 


7 

J  . 
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Directive  19:     Reduce  the  level  of  illumination-  in  park- 

.  -  I 

ing  lots  to  reduce  ejeotric  load. 

•  Parking  -lots  require  an  average  of  only  one 
footcandle  of  even  illumination.  Overlight- 
ing,  inefficient'  light  sources,  and  unneces- 

■    sarily  prolonged  perltfds  of  operation  ac- 
count for  excessive  energy  usage. 

•  Red.uce  the  leuel  of  .lighting  if  over  bfr? 
footcandle,  while  maintaining  reasonable 

,        uniformity  of  illumination,  •       *  i 

a.  '     Replace  lamp_s„AdJh  jnore  ef-  '  * 

ficient  light  sources.       '         *  ^ 

b.  "Reduce  wattage  of  lamps  or  .  , 
remove .unnecessary  ones. 

.  * 

;,^Se€  Example  R. 


EXAMRUE  *R:     SAVING  ENERGY  BY  REDUCING  LIGHTING 
LEVEL  IN  PARKING  LOT . . 


A.      OPERATIONAL  CHANGE:     Reduce  the  wattage  of  the  lamps- 
,  in  a  parking' fiot  'to  .reduce  lighting  levels  to  an  ■ 
'  average-  of  one  footcandle.  *  ^ 


B.  ASSUMPTIONS: 

Retail  store  2, 500 -car  parking  lot  - 
-\      Chicago,  Illinois. 

Conditions  before  operational  change  -  Lights  oper-  . 
ated  '4 -hours  per  day  x  315  days  per  year  f  1,260 
hours  per  year  to  maintain  an  average  of  2  foot- 
candles;  electric  usage'  =  256,000  kWh  at  4.5<frkWh. 

„"    ■  \ 

C.  SA\JNGS:  •  -  . 

"    'Energy  -  128-,  Q00  *kWh/yr    a  saVings  of  501.  . 
Dollars  -  $5,760/yr{-  -  .  . 

D.  IMPLEMENTATION  COST i.    None,- when  lamps  are  changed  at 

normal  .relamping  periods. 


DOMESTIC  HOT  WATER ;    *  • 

■  t  Opportunities  to  conserve  energy  used  to\heart  water  at 

*    -minimal  Cost  include  lowering  the  temperature  ofhot  water 

at  the  faucets  and  reducing  the  volume  of* water  used. 

*  '  '  '  V  " 

In  general,  office  buildings  usev  twojto  three  gallons 

of  hot  water  per  .capita  per  day.'    Residences  use  about  20  ^ 
,  'gallons  per  capita  per  day.     Religious  buildings  ayd  'stores 
Use  less.     Hospitals,  laundries,  cafeterias,  and  restaurant 
'  ,  kitchens  use  considerably  more.  • 

Heat  loss  from  storage  tanks  and  circulating  pipes  is 
proportvional  to  the  temperature  difference  between  the  water 
and  ambient  air.     Therefore ,  ^reducing  the  maintained  tempera- 
j      ,     ture  of  hot  water  not  only  reduces  the  amount  of  energy*  re- 
quired to  heat  each  gallon  of  water  used,  but  also  reduces 
the  heat  loss  from  the  tank  and, piping  system.  a 

In  buildings  that  have^  kitchens  requiring  very  hot  water 
for  dishwashing,  boost  the  temperature  at  the  faucet,  rather 
'than  maintaining  a  higJv temperature  "hot  *wate'r  system  for  the 
entire  building..    For 4  instance  : 

•  Reduce  .the  temperature  of  hot  *water  at  faucets  to    ^  <^ 
90°*F.        '         .   *    '  ' 
*      •  Reduce  the  consumption  of  hQt  wa*t,er  in  all  buildings 
by  flow  restrictors  in  the.  piping',  self-closing  fau- 
cets,  or  flow  restrictor * taps .    t.  ' 

^  r ^  ^Xjdrective  20:    Reduce  the  quantity  and  temperature  of 


.ERIC 


lestic  hot  wafret. 
See  Example*  S. 


\ 

Page  5&/EA-02 


r  87 


EXAMPLE  S:     SAVINGS  BY  REDUCING  TEMPERATURE 
AND  QUANTITY  OF  HOT  WATER. 


A.  OPERATIONAL  CHANGE:     Install  L/2  gpm  spray  nozzles 

•  on  lavatory  faucets  and  reduce*  temperature  from  135° 
to  90°/F. 

B.  ASSUMPTIONS.:  ■  ■  * 

Office  building  -  New  York,  New  York. 
Occupancy  —  3,S00  people. 

Conditions  before  operational  change  -  Hot  water 
usages     2  -gallons  per  day  per  capita  -  1S5 °F» delivery 
temperature;,  total  consumptioh  =  7,000  gallons  per 
day;  oil  consumption" for  hot  water  =  12  ,.000,  gallons 
per'year  at *$l/gallon.  * 

C.  SAVINGS: 

•  Energy  -  6,2^0  gal'/yr;  a  savings  of  521. 
DoHars  -  $6,240/yr.  ^ — r 

D/      IMPLEMENTATION  COST:     $2,500  (f<?r  spray  valves). 


CALCULATING  -SIM^irE  PAYBACK 

There  are  several  accepted  approaches/to  calculating  •  the 
period  of  time  that  may  'be  required  for  ^he  efiergy  cost  sav- 
ings of  the  |nergy  conservation " measures  (ECMs)   to  equal  the 

initial^ investment .     TK&  variations  generally  re.late^to  in-  

terest  rates,  availability  of  capital,  prcrjeet^d  fuel,  prices  ^ 
and  so  forth.,     .  •  •  .      .  ' 

For  purposes  of  the  energy  audit ,"  however ,  calculating 
simple  payback  is  sufficient.     It  ls<^tha  simplest  to  c&lcu-'' 
lat^and  is  generally  quit^e  effective  in  measuring  the  re- 
lative need  for  ECM$ ,     (Simple  payback  is  the  specific  -method 
of  calculation  fox  the  energy  aiidit  required,  by  NECjPA, )  - 
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To  determine  the  simple  payback,"  divide  the  estimated 
implementation  cost  of  the  ECM  by  the  estimated  annual  energy 
savings,    the  result  is  the;  number  of  years  required  to'ps^ 
iff  the  initial  capital  investment ' 


Simple  Payback  fvearsl        Initial  Cost»\)f  ECM  in  $ 
*impie  ^ayoacx  lyearsj      Annual  Energy  Savings  in  $ 

j  Equation  I 


^     Generally,  authoi*Lties  ^commend  not  proceeding  with  v 
items  that^require  more  than sdS^Jto  -10 -year  payback..  This 
practice  varies  according  to  local  needs,  financial  situation,' 
and  political  climate.     The  projects  selected  first  are  almost 
always  going  'to  have  the  fa-stest  and  most  far-reaching  re- 
sults .  1  ; 


LIFE-CYCLE'  COSTItffc^  • 


«     f  •  % 

'    Simple  payback  calculation  and  ranking  is  an  accurate 

way  to  compare  erlfergy  conservatio'n-voptioris ,  but  is  intended 

only  for  comparison.    Actual  dollar  pavings  to  implement-a 

conservation  option  must- include  energy  price  escalation  on 

life-cycle  basis.  •  , 

Life-cycle  cbstyng^  is  the  dollar  savings  accrued  by  an 


energy  saving  option  over  its  life., 

Suppose  an  energy  saving  optio^with  a  seven-year  life 
cycle  savtfd  $100  a  year  in'energy  costs  at  current  prices. 
If  energy  did  not  increafee  in  cost,  then  the  energy'  option 
would  have  saved  $700  over  its  seven-year' life .     However, "v 
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prices  of  energy  a're  escalating  at  approximately  201  per  year 
A$_  a  result,  an  option  that  saves  $100*  this  year  will  save 
much  more. in  the  future.    Table  3  is  used  to  find  the  appro-' 
priate  escalation  factor  at* selected  escalation  rates.  9 


TABLE  3.     ENERGY  PRICE  ESCALATION". 


- ; 

* 

Escalation 

Factor 

Escalation  Rate 

5 

years 

7 

years. 

,  10 
years 

15 
years 

10% 

6.7.2 

10  .44 

17  .53 

34.95 

\  -  151 

7. '7  5 

12.73 

23.34 

54.72> 

V    .  '201 

8.93 

15°.  50 

31.15 

86.44 

; 

t  s 

s, 

■  '  V- 

9 

I 

* 

For  example,  the  escalation  factor  for  an  option  with  aN 
.seven-year  life,  expectancy,  and  at  a  20%  escalaj&ion  rate  would 
be  15.50.°  To  determine  life-cy^le  costing,  multiply  the 
escalation factor  times  the  first  year's  savings.     W  an  item 
sav/es  $100  the  first  year  and  has  a  seven-year  life  expectancy, 
then:,  ^ 


■  f 


$100  x  15.50  =  $1 , 500- saved  over  the  life 'of  ^he  iteirt.' 


Equation  2 
r 


ERIC 


SO 


r  ■ 

4 
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In  addition  to  material  cost,  equipment  cost,  labor  cost, 
desigh  cost,  project  supervision  cost,  and  energy,  price  «es - 
calation,  other (factors  sjrottl^  be  considered  in  determining 
the  investment  return  in  an  energysxonservation  project  «for 
a  building,     Thesepf actors  include  recurring  costs  in  connec- 
tion with  tke  operation,  preventive  and , corrective  mainte- 
nance,  and  inventory  management  of  the  energy  conservation 
measures.     In  order  to  give  a  building  owner  a  triie" picture 
of  the  energy  cost  'savings  over:the  lifetime^f  the  measure, 
all  relevant  factors  must  be  considered.  — ^  


EXERCISES 


Refer  to  tjkie  Energy  Saving  Potential  section  of  this 
module's  Subject  Mafctetf,  and  calculate  simple  payback 


for  the  fol/lowing 


in£r~ 


energy 


a.  Example  D  (Directive  4) 

b.  Example  E  (Directive  5) 

c.  Example  K  (D^ective  11) 

d.  Example  q'  GDi/ective ' 18) 

e.  Example  s/fDi/rective  20.)  * 
2.      For  the  same  -examrlds ,  calculate  life-cy 

^        assuming  the  fol/lowing  data: 

a.       Example. d/ S-year  life  expectancy 
escalation  rate 
f  b.       Example'E,  15-yearlife  expectancy,  151  energy 

escalation  rate  ^ 
1   c.       Example  K,  .7 -year  lifev^expectancy ,  20%  energy 
escalation  rate 

d.  Example  Q,  10-year  life  expectancy 1 5%  energy 
)  escalation  rate  ' 

e.  Example  S,  S-year  life  expectancy,  10%  energy 
N  escalation  rate 


Laboratory  materials 


Anemometer  (deflecting  vanig^or  ^revolving  vane) 
Footcandle 'meter 
Surface  pyrometer 
Stem  thermometer 
Electric  thermometer 


Manufacturers'  bVo^hu^es  and  instruction  ynuals  oi\  these 
instruments 
.  as  possible 


instruments  *arfti  as  man*  other -energy* audit  instruments  , 

y  *>5  • 


»  PL. 
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LABORATORY  PROCEDURES 


The  purpose  of  the  laboratory  section  of  this  module  is 
to  familiarize  the  student  with  energy  auditing  instrumenta- 
tion. Students  will  become  familiar  with  the.  configuration 
and  operation  of  as  many  of  the  instruments  discussed  in  the 
module  as  possible,  and  make  the  following  measurements,  the 
results  of  which  will  be  recorded  on  the  Data  Table. 

1 .  Us~i~ng  the  anemoi|'eter ,  ~measure~the~air  speed  in  the  fol- 
lowing locations : 

a.      HVAC  register    

*  b.      Outside  windows  or  doors  on  four  major  walls 

2.  iMeasure  the  illumination  level  on  a  laboratory  table 
with  a  footcandle  meters  . 

3.  yse  a  surface  pyrometer  to  measure- the  temperature  on 
the  following  surfaces: 

a.       Inside- surf ace  of  an  exterior  window 
V     .Sunlit  interior  wall 

c.      Shaded  portion  of  the  wall  measured  in  Jtem  b< 

4.  Measure  hot  water  temperature  at  the  faucet,  using  a 
stem  thermometer. 

5.,      Measure  hot  water  te^nperatjure  at  the  faucet,  using  an  - 
electric  thermometer.    ^Compare  reading  with  that  obtained 
with  stem  thermometer .  -  - 
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DATA  TABLE 


DATA  TABLE.     USI^G  MEASURING  INSTRUMENTS, 


Readings 


Anemometer 

Airspeed:  m  HVAC  regi'stej 
Wall  1  / 

waii  y 


Footcandle  Meter 

Footcaaidles 
on  Laboratory 
Table         *  w 


Surface'  Pyrometer 

Temperature  o£:     Window  surface 

Sunlit  walk 

Shaded  wall 


V 


Stem  Thermometer 

Temperature  of 
Hot  water 


EleCtr.ic'  Therihojneter 
— "  ~ 

Temperature  of 
Hot  wate^ 
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TEST 


Caulking  material  ani  labor  to  reduce  the  rate  of  air 
infiltration  in  an  institutional  building  cost  $15,000. 
Heating  oil  consumption  before  implementation^  the 
measure  was  271,000  gallons  per  year.     Energy  consumption 
was  reduced  17%.     The  cost  of  heating  oil  was  $0.93/ 
gallon.     The  simple  payback  period  for  this  energy  con- 
servation measure  Is  . . . 

a.  1.1  year 

b.  2.1  years 

c.  0.35  year  * 

d.  0.53  yeaf 

Determine  lif£-cycle  costing  for  the  conservation  mea- 
sure described  in  Question  1,  assuming  an  energy  cost 
escalation  rate  of  15%  and  a  5-year  life  expectancy  for 
the, measure .     The  amount  saved  over  the  life  of  the 
caulking  is :  -  ; 

a.  $7,011.21 

b.  $332,048.75 
c'  -$691,003.63 
d.  $89,041.19 
Psychrometers  measure  ... 

a.  infrared  radiation.  t 

b.  illumination  levels. 

c.  <     stack  gas  constituents, 
d-      relative  humidity.  „      f  « 

Ah  impact  tube  is  ^usually  part  of  a  kit  which  includes 

a.  pitot  tubes. 

b.  draft  gauges, 
^c.      airflow  test  jets. 

d.  resistance  thermometers. 


on 
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Smoke  tester  results  are  analyzed  . . . 

a .  chemically . 

b.  electronically* 

c.  volumetrically . 

d.  visually,.  •  ' 
Manometers  make  direct  measurements  of 

a .  temperature .  % 

b .  pressure.  •  •  * 

c.  relative  humidity. 

d .  conductivity'. 

Infrared  thermography  is  most  useful  in  measuring  energy 
loss  through  .  .     c  .  .  >  * 

a.  incomplete  combustion, 
b*  '  ^HVAC  ductwork  leakage. 

c .  building  envelope  radiation.  .  • 

d.  low  power  factor.  * 
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ENERGY  TECHNOLOGY 

CONSERVATION  AND  USE 


ENERGY  AUDITS 


MODULE  EA-03 
•ENERGY  AUDIT  PROCEDURES  AND  ANALYSES 


ORD 


CENTER  FOR  OCCUPATIONAL  RESEARCH  AND  DEVELOPMENT 


Q  O. 


INTRODUCTION 


"Energy  Audit , Prpcess  and  Analysis1*  describes  energy 
auditing  as  a  cqmpletf  process .    TJiisxmodule  shows  the  re- 
lationship between  thfe  elements  of  the  Energy  audit  and  the 
auditor's  interactive  role  in  total  eWrgy  management  ♦  Var- 
ious types  of  audits  are  discussed,  as  well  as  information 
.the  auditor  is  required  to  compile. 


__  PREREQUISITES 

The  s'tudent  should  have  completed  Module  EA-02,  "Ele- 
ments of. an  Energy  Audit." 

 '    OBJECTIVES 

Upon .completion  of  this  module,  the  student  should  be 
able  to:  - 

1.  List  the  major  types  of  energy  audits. 

2.  Calculate  an  g^njiual  energy  index,  

3,  Collec-t  data  from  equipment  nameplates. 

4.  Calculate  energy  consumption  for  lighting  and  electric 
motors . 

5,  Disciiss  the  procedure  for  ranking  energy  conservation 
measures, 

K       r  . 

6,  Discuss  the  auditor's  role  in  total  energy  management. 
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\  SUBJECT  MATTER 


THE  ENERGY  AUDITING  PROCESS 

*»•  » 

The  energy  audit  is  the  foundation  of  any  energy  conser- 
vation program.  It  identifies  all  energy  systems  in  a  build- 
ing or  industrial  plant  (facilities)  and  measures  energy  use. 
An  energy  audit  makes  it  possible  to  determine  (1)  the  energy 
use  pattern  of  each  system,  (2)  how  the  systems  affec£-e4ch 
ftther,  and  '(3)  a  starting  point  against  which  the  success  of  • 
an  energy  conservation  program  can  be  measured. 

>  Energy  is. supplied  to  facilities  through  a  utility  dis- 
tribution network  on  a  metered  bVsis;  however,  some  fuels  can 
be  stored  on-site  on  a' periodic  basis.  «    '  ' 

Typically,  local'*  utilities  supply  electricity,  natural 
gas,  and  purchased  steam  on  a  metered  basis.     W^ter  is  a  util- 
ity that  ;is  not  a  direct  source  of  energy,  but  is  indirectly 
associated  with  energy  conservation  since  it  is  used  in  boil-^ 
ers  and  for  cooling  compressors.     Hence,  its  use  should  be 
audited.     Fuels -that  can  be  stored  on*  the  plant  site  include 
fuel  oil,  propane,  coal,  wood,  or  waste  -fuel. 

An  energy  audit  is  similar  to  the  monthly  closing  state- 
ment of  an  accounting  system.  One  series  of  entries  consists 
o£  amounts  of  energy  consumed  during  the  month  in  the  form  of 
electricity,  gas,  fuel  oil,  coal,  etc.  The  second  series 
lists  where  this-  energy  is  used  -  lighting,  air  conditioning, 
heating,  and  other  sources. 

In  other  words: 

Energy  In  =  Energy  Out 

Various,  energy  sources  are  converted  to  common  energy 
units  of  Btus,  according* to  their  Jcnown  heating  values.  Total 
energy  use  for  the  facility  can  be  computed  on  a  monthly  basis 


100 


EA-03/Page  3 


1 


and  summed  up  t'o  provide  arffiual  energy:  consumption.  Energy 
use  for  the  plant  cart  be  ^expressed  as  ^n  Energy  Utilization 
Index  (s^e  Module  EA-01)  or  an  Annual 


All  Btus  are  not  ^provided  at  the  sa^me  cost 


lergy  Index,  f 

Electric 

energy  has  been  generated,  transported,  knd  delivered, in  a 
clean;  versatile  form,  "  This  i's  reflectedv  in  its  relatively 
high  cost  per  Btu,  which  includes  cost  elements  for  fossil 
or  nuclear  energy,  energy  conversion  losses,  transportation 
losses,  and  others.     Similar  considerations\ apply  to  purchased 
steam.     Therefore,  an  energyjmjxagement  prbgVam  includes  both 
the  cost  and  the  energy  value  of  the  various ^energy  sources. 
Relatively  expensive  energy  sources,  such  as  electricity,  are 
expressed  afe  a  percentage  of  the  total  energy  consumed  by  the 
facility.    Along  with  the  Energy  Utilization  Index\(EUI)  or 
Annual  'Energy  Index  (AEI),'this  information  permits  an  accu-  . 
rate  analysis  of  the  facility's  eaergy  use  characteristics. 

Tile  energy  auditing  process  must  be  accurate  enough  to 
quantify  the  energy  and  cost  savings  resulting  from  energy- 
conservrng  modifications.     Even  the  most  thorough  audit,  how- 
ever,  cannot  identify  and  quantify  all  energy  consumption; 
some  energy  and  energy  losses  simply  cannot  be  accounted  for. 
Thus",  in  order  to  account  for  all  MEnergy  Out,M  estimates  may 
have  to  show  some  e'nergy  that  is  unaccounted  for. 


TYPES  OF  ENERGY  AUDITS 


There  is  a  direct  relationship  between  the  amount  of  en- 
ergy use  data  collected  and  the  number  of  energy-conserving 
opportunities  evaluated.     The  cost  of  performing .an  audit  in- 
creases in  proportion  to  thd  amount  6£  data  collected.  Best 
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results  will  always. come  'from  a  thorough  analysis  ox  all  en- 
ergy systems. in  a'facility  and  their  purposes  and  interaction, 
However,  time  and  budget  -  limitations  may  require  action  to  be 
taken  only  in  the  selfected  areas  where  a  less  thorough  audit 
has  indicated  the  greatest  potential  for  energy  conservation. 


WALK-THROUGH' AUDITS 

•The  walk-through  audit,  is  a  very  limited  energy  audit, 
which  is  made  by  visually  inspecting  the  facility  and  consid- 
ering the  most  applicable  energy  conservation  opportunities 
on  the  basis  of  a  general  knowledge  about  facilities  of  a 
particular  type.     This  simple  jiudit  can  identify  operation 
and  maintenance  energy-saving  opportunities  and  determine 
whether  a  more  complete  analysis  should  be  performe4  at  a 
later  date. 


MINI-AUDITS 

These  audits  require  tests  and  measurements  that  quan- 
tify energy  consumption  and  calculate  the  economics  of  making 
energy-conserving  modilicat ions .  The  mini-audit  should  focus 
on  the  major  energy  sources  and  energy %use  systems  and  on  the 
most  likely  conservation  opportunities,  .  The  report  from  such 
^an  audit  should  urge  that  energy  conservation  practices  re- 
quiring littlS  or  no  investment  be  adopted  immediately, 

\-        -  • 
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MAXI-AUPITS      v  '< 

s  To  provide  a'  complete  energy  profile  of  a  facility,  an 
energy  audit  must  be  performed  on  the"  basis'  of  a  thorough 
engineering  analysis.     Th.e  maxi-audit,  usually  with  access 
to  this  information  about  the  facility  'being  audited,  identi- 
fies  all  energy  systems  and  their  interrelationships,  '  Such 
an  analysis  can,  among  other  things,  determine  opportunities 
for  recovering  waste  energy.     The  maxi-audit  is  a  total  anal- 
ysis, including  the  use  of 'building  models  and  cl imatological 
data,  which  involves  'sophisticated* instrumentation ,  Maxi- 
audit's  should  be  performed  by  a  qualified  engineer  and/or 
energy  .technician. 

COMPUTER  SIMULATION  MODELS 

Various  computer  simulation  models,  which  are  available  * 
'  from  utilities  and  other  sources  in  some  areas,  $re  useful 
aids  for  the  energy  auditor.     They  provide  a  realistic  esti- 
mate of  "the  overall  energy  needs  in'  a  facility  of  a  particu- 
lar type  when  compared  to  guidelines  or  norms,  .  These  pro- 
grams are  frequently  available  to  the  auditor  at  little  or  no 
cost,  ^ 

Some  computer  output  reports  give  the  potential  scope 
for  energy  savings,  but  may  not  specifically  identify  the 
modifications  that  will  effect  those,  savings.     Such  computer 
programs,  however,  can  be,  a,  reasonable  first  approach  to  the 
issue  of  energy  conservation  and  are  closely  related  to  esti- 
mators of  building  energy  consumption  such  as  *the  AEI, 
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Energy  conservation  will  be  an  on-going  process  for  many 
years.     Therefore,  it  is  important  to  overcome  the  initial 
obstacles  and  begin  an  energy  audit  program.     First,  a  base 
line  should  be  developed  to  serve  as  a  reference  point  for 
an  energy  conservation  program,  Whe  program  can  then  be  con- 
tinued , with  successive  refinements. 


v-       *  PERFORMING  THE  ENERGY  AUDIT 

(  r 

\        The  auditor  is  responsible  -for  collecting  a  variety  of 
information  concerning  the  energy  usage  in  a  building.  This 
information  is  considered  to  be.the  data  base  for  an  energy 
auctit  and  usually  consists  of  itie  following  ^elements : 

•  Building  profile  -  description  of  plant  or  building 
#  '  •  Fuel  and  utility  bills  -  historic  energy  consumption 

•  Connected  load  for  each  fuel'  type 

•  Building  survey    .  <  ■ 

•  Measurement  and  consultation 
.  •  List  of  Energy  Conservation  Opportunities  (ECOs) 

•  Implementation  of  maintenance  and  operational  changes 

•  Cost  analysis  -of  modifications  or  energy  measures  | 

•  Implementation  of  modifications  or  energy  measures 

•  Verification  of  cost  and  energy  savings 

-  There  is  no  single,  unique  sequence  that  can  be  recom- 
mended or  that  is  absolutely  necessary.     The  first  four  items 
on  the  list  are  somewhat  interrelated  and  are  developed  more 
or  less  simultaneously,     (Audit  forms  and  checklists, are  pre- 
sented in  the 'Energy  Audit  Workbook.) 

Measurements  and  consultations  may  or  m&y  not  prove  nec- 
essary, depending  on  the  available  metering,  the  quality  of 
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information  available,  and  the  "type  of  preventative  mainte- 
nance program  and  energy  conservation  program  already  in  exis 
tence,  if  any. 


BUILDING  PROFILE 

Basic  facts  on  the  physical  p-lant  and  its  functions 
should  be  assembled.     Copies  of  the  building  site  and  general 
layout  will  be  useful  and  should  'be  obtained  from  the  archi- 
tect or -engineering  office.     If  these  are  not  available,  a 
sketch  should  be  made.     For  the  purpose  of  the  energy  audit , 
the  Mbuild^Rgn  includes  a  zone  of  about  5  feet  around  all 
sides.     It  also  includes  any ^associated  utility  (gas,  elec- 
tric, etc,-)  meters  and  sub-meter's  related  to  the  building 
function.     The  "site11  encompasses  all  buildings,  parking 
areas,  and  perimeter  lighting. 


GENERAL  INFORMATION 

'  .The  name  and  location  of  the  facility,  date  of  construc- 
tion, and  t.otal  floor  space  (in  square  feet)  should -be  re- 
corded.    A  general  layout  or  sketch  of  the  floor  plan  should 
show  space,  allotted  to  various  functions .     It  is  useful 
begin  to  thinlf  of  the  plant- in  terms  of  the  percentage  of 
total  space  devoted  to  each  function.    An  estimate  of  space* 
usafge  should  be  made  at  the  outset  and  refined  as  necessary. 
Each  functional  use  of  the  building  will  have  different  pur-" 
pose  patterns  and  different,  lighting  and  ventilat lngN^guire- 
ments. 
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POPULATION  DENSITY  AND  ANALYSIS  BY  DEPARTMENT 

After  determining  what  products  are,  made  (if  any)  and 
how  large  the  staff 'is,  the  population  density  should  be  es- 
timated by  calculating  'the  floor  space  per  ^employee.  Together 
with  the  estimate  of  population  density,  information  sjiould 
be  recorded  about  hours  of  operation  and  energy-consuming  pro- 
cesses for  each  department,      ,  \ 
«  *  » 

CONSTRUCTION 

A  thumbnail  sketch  of  the  building  should  be  made,  indi- 
cating the  number  of  glass  windows  and  the  building  \s  orienta- 
tion.    This  sketch  should  be  accompanied  by  information  about 
roof  or  wall  insulation  and  heat-resistant  window  treatments, 

* 

METERS 

4 

All  gas,  electric,  steam,  and  water,  meters  should  be're- 
corded  for  comparison  with  utility  bills.     Along  with  this 
information  should  be  recorded  how  the  corisumpticTh  of  fuels 
(such  as  oil  and  coal)  are  monitored  ,and>  whether  a  boiler  log 
book  is  maintained,  1  ' 
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EQUIPMENT 


o   All  boilers,  chiller  equipment,  hot  water  generators, 
kitchen  ranges,  and  other  machines,  incinerators,  or  other 
energy  intensive  operations  should  be  not-ed  on  t'he  floor  plan, 
A  more  detailed  listing  of  connected  load  for  each  energy  sys: 
tern-  input  is  developed  during  the  sit^e  survey,. 


DATA  COLLECTION. 

An  appropriate  time  period* for  collecting  energy  consump- 
tion data  should  be  selected.     This  can  be  a  caleSachar  year,  a 
fiscal  year,  or. any  other  convenient  period  of  12\uccessive 
months. 

Degree-day  data  *for  the-  12-month  period  of  the  audit 
should  be  collected  (from  the  lo-cal  weather  bureau)  and  as- 
sembled.    This  data*  should  include  (1)  heating  degree  days 
below  65°F  and  (2) • cooling  degrefe  days  above  65°F,     This  will- 
provide  insight  on  weather-sensitive  ftiel  usage  separate  frpm 
base  load  or  process-sensitive  energy  usage. 

This  information  should  be  sorted  arid  stored  for  use  by 
th$  auditor,    fto'One  person  knows  where  everything  is  or  wha^t 
it  does,  but  various  budlding  functions  and  energy  intensive 
operations  are*  identified  with  certain  energy  requirements, 
A  list  of  the  big  energy  users  (HVAC,  lighting,  and  industrial 
processes)  sho,uld  be  compiled  to  help  'identify  the  scope  fo^r 
energy  savings, 

*  « 
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£ri  early  step  "in  any  energy,  management  program  is  to 
obipLil  all  actual  utility  billings  and#  other  fuel  consumption 
id'Vost  data  ,<by  xfuel  type  'for  each  month  of  the  12  months 
-/adding.     These  billings  identify  rate  schedules,  fuel  ad- 
justment charges,  energy  charges*  monthly  consumption,  and 
ei/ergy  cq^t..  #  * 

If  actual  energy  consumption  data  are  not  available  for  ^ 
'the  specified  period, . similar  data  representing  consumption 
on  a  calendar  o'r  fiscal  year  basis  can  b~e  used.     If  consump- 
tion data  are  not' available ,  it*  will  be  necessary  to  measure 
the  actual  consumption  for  some  interval  of  time,   (day,  week, 
or  month)  and  compute  an  estimate  of  annual  consumption. 
Utilities  have  records  of  bills,  and  fuel  consumption  can  be 
reconstructed  from  their  files.  | 
/       Actual  energy  consumption  should  be  collected  for  elec- 
tricity, natural  gas,  ste«m,  and  water  and  tabulated  for  the 
^actual  billing  period.  billings  for  all  metered  utilities* 

will  not  'necessarily  coincide  and  will  be  assigned  for* the  . 
month  in>which  the  greatest  number  of  days  occurred.     (It  is 
^recognized'  tfratt  this  technique  can  cause*  some  inconsistencies.. 
However,  thete  alre  techniques *for  correcting  these  fuel  con-  1 
sumptidis  to^  whole  nfonth  periods,0  should  this  prove  necessary. 
^'The  .utility  service  representative  wij.1  bre  db^e  to  assist\  , 
with  such  corrections.) 

.    The  consumption  o-£  fuels  purchased  during  the  nofi-heating 
season**  and  stored  on-site  (oil,  propane,  or  coal)  requires 
^special  consideration,    Any  record  of  acjftjal  consumption, 
such  as  a  byilei*  yoom  lo^bgpkCjor .  recorefe  of  ■  quantities  in  j 
inventory ,  should  be  searched  to  estab/lish  the  actual  fuel 
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consumption  and  cost.     The  quality  of  the  energy  ajadit  de- 
pends on  how  accurately  consumption  records  for  these  fuels 
•can  be  reconstructed.     If  adequate  records  are  not  being  kept 
for  fuel  consumption,  the  procedure" of  monthly  meter  readings 
anc^the  determination  of  fuels  in  storage  should  be  initiated 
by  th$  energy  coordinator.  6 

Suitable  forms  for  recording  fuel  cionsumption  are  given 
in  the*  Energy  Audit  Workbook  along  with  step-by-step  instruc- 
tions  for  filling  themTout.     The  object  is  to  first  determicie 
an  AEI.  for  the  facility.  -  All  forms  of  energy  are  reduced  to 
a  common  energy  basis  of  millions  of  Btus^(106  Btu  in  scien- 
tific notation) .  '  * 

Weather  data  for  heating  degree  days  and  cooling* .degree 
days  should  be  obtained  ffcom  the  nearest  U.S.  Weather  Bureau. 
These  can  be  shown  graphically  for  the  audit  period  on  forms 

given  in. -the  Energy  Audit  Workbook.     Profiles  help  identify 
I 

weather-sensitive  energy  usage  in  terms  of  heating  and vcoo\- 
ing.  .  ' 

The  AEI  for  a  building  is  de^rrved  by  dividing  the  total 
annual  energy 'consumption  in  millions  of  Btu  by  the  gross 

*  square  feet  involved.     The  AEI, for  a  building  will  probably 
be  higher  in  cotoler  climated,  and  it  will  never  go  to  zero  . 
be.cause  of  the  building" -energy  usagey~£nat  is  constant  through- 
out the"  year.  .  - 

•  There  are  no  norms  for  the  AEI  of  various  facilities. 
.  Figure  1  shows  approximately  the  relation  of  energy  consump- 

*  tjon  to  heating  degree  d^ys* for  the  AEI  of  buildings  that 
have  no  .significant  large  process  1  energy  use. 

f  V 
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Figure  1.     AEI  Energy  'Norms  for  Buildings 
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As  a  guide  for  selecting  the  targets  of  an  energy  con- 
servation program,  guidelines  for  interpreting  the  AEI  base 
savings  estimates  are  conveyed  ip  Table  1. 

;   The  AEI  of  a  building  varies  from  year  to  year,  depend- 
ing  on  the  annual  variation  in  the  local  climate.     There  is 
no  simple  way. to  norn^lize*  annual  energy  consumption  accord- 
ing to  the  annual  variatibn  in. .degree  days  ior  heating  and 
cooling.    However,  profiles  for  the* various  energy  systems 
can  be  dfctermined'on  a  monthrby-month  basis  and  analyzed  with 
some  relatively  simple,  graphical  techniques. 

•A  typical  profile  for  monthly  energy  usage  in1  a  die  cast- 
ing plant  of  about '150 ,000  gross  square  feet  area  is  shown  in 
Figure  2  J   All  energy  data  are  shown  in  common  energy  units 
of  millions  of  Btu.    The  electric  energy  ^consumption  ranges 
from  ZivOO  to  3*,000  million  Btu  per  month  and  is  primarily 
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process  -  related  usage,  since  no  weather- sensitive  peak  was 
observed  for  air-conditioning  in  the-  cooling  season. 


TABLE  1.     GUIDELINES  FOR  AEI  INTERPRETATION. 


Location  of 
AEI 

Possible  Actions  Yndicated 

Above  upper 
norm 

Building  represents  bes*  target  for*  an 
'energy  saving  program,/  Be  jure  variance 
do.es  net  reflect  differences  in  use  from 
"normal"  building  of  xhis  £ype. 

Between  upper  - 
and  lowet  norms9 

Building  represents  /a  'gogra.  target  for  an 
ener;gy  ^saving  program,    yfhe  closer  the 
estimate  is.t-o  rthe,  lowe/  norm,  the  more 
likely  capital  investment  measures  will 
be  needed  to  reduce  energy  use  <to  the 
standard  level,  /  / 

Below  lotfer 
norm 

h 

Building  may  by'operat ing  efficiently, >  9 
Are  better  targets  available?    Does  the 
size  of,  the  dollar/energy  budget,  in  this 
building  just/ify  Tts  selection  as  a  tar- 
get even  though  #ercen#t  estimate" is  low?  . 
Is  building/usedf  lessV:han  the  , normal 
building  of  ^hi/  type? 

The.  prof ile* for  'natural  o&s  and  fuel  oil  was  combined 
and  is. shown  as  total  fossil /fuel  energy.  Propane  or  other 
alternate  fuels  used  in/the/)lant  could  have' also  been  com- 
bined as  total  fossil  /fuel/  Each  energy  type  was1  fi^st  con- 
verted into  the  comrijpn  energy  unit  of  million  Btu  per  month  * 
and  then  summed.  The  ba/e  load  fossil  fuel  consumption  is 
about  5,0(ftl  million  Btu/per  month.  .  The  profile  peaks  in  j  , 
"*DB~cemtreTr~amd  January  a^d  Jias  a  curious  shift  in  October,  The 
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Figure  2,/Profiie  o£  Energy  Usage  in  a,  Die  Casting  Plant, 

/  * 

variably  load  is/  the  apparent  energy  for  heating  needs,  or     >  ^ 
weather-sen£iti/ve  energy  consumption  and  can  probably  be  * 

to  correlate  with"  the  heating-degree  days  below  65°F. 
Th£  larger  pc/rtion  o£ -fossil  fuel  energy  consumption  is,  how- 
ever, proces/s»- sensitive  energy  consumption. 

Expressed  as  Btii,  all  energy  types  —  including  electric- 
-  can/be  shown  on  a^  cdmmon  graph.     It  should  be  remembered, 
however /that 'not  all  Btus  were  obtained  at  the  same  cost. 
The  percent  of  total  Btu  input  into  the  plant,  which  was  sup-4 
pliqd/as  electrical  energy,  should  be  computed  and  used  as  an 
additional  guideline  by  the  auditor.     The  percent  of  electric 
energy  consumed" should  not  be' allowed  to  increase  in  the 
course  of  the  energy  conservation  program. 

Monthly  plant^ production  data  were  not  available.  How--' 
fever,  plant  activity  can  sometimes  be  estimated  from  the  data 
on  shipments,  assuming,  there  is  no  substantial  change  of, 
finished  goods  in  inventory,' 
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A  profile  of  monthly  production  based  on  shipments  is 
given  for"  the  die  casting  plant  in  Figure  3.     A  .decrease  in^ 
production  during  the  last  quarter  probably  contributed  to 
the  October  shift  in  fossil  fuel  consumption. 
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Figure  3.   ^Profile  of  Monthly  Production  in  a  Die  Casting' 
-  *  ?  Plant  (6ased  on  Shipments). 


The  profile  of  total- fossil  fuel  energy  consumption as 
shown  in  Figure  *4 ,  approximately  correlates  with  the  heating 
degree  days  below  65°F  (shown  as  the  dotted  line) ./  The  de- 
parture from  the  'exact  correlation  can  be  partially  explained 
by  the  general  shape  of  the  production  curve. 

1  The  load  and' productidn  data collect e4  with  sub-meters 
for  energy  intensive  prqcesses  in  each  department  on  a  monthly 
basis,  make  it  possible  to  estimate  process -se'nsit  ive  energy 
consumption.     More  accurate  measurements  of  actual  energy  con- 
sumption could  be  obtained  and  the  overall  accuracy  of  the 
energy  audit  improved. 
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Figure  4,     Profile  of  Fossil  FuepL  Energy  Consumption,  in  a 
Die  Casting  Plant, (Compared  with  Heating  Degree  Days), 

*  < 

EQUIPMENT  SURVEY:     CONNECTED  liOAD  FOR  EACH  FUEL  TY^E 


The  basic  facts  on  the  buildi]ng  and  physical'  $lant \have 
been  discussed  earlier  in  tjiis  module,  and  major  energy -\CQn- 
;suming  systems  were  noted.     However,  the  auditor  should  tor- 
nalize  the  equipment  survey  and  prepare  a  connected  load\dia- 
jram  for  each  of  the  plant's  energy  supplies. 

Shop  drawings  of  the  major  energy-consuming  systems 
skould  be  studied  to  determine  the  size  designations  and  fitu 
peV  hour  ratings.     Boilers  should  be  identified  for  fuel  type 
ana  Btu  per  hour  rating.     It  may  be  necessary  .to  compute  this 
ratting  from  nameplate  data  giving  cfm  of  gas  or  boiler  horse- 
power . 
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\     The  energy  supplies ?  or  energy  nstreams,!t  should  be  con- 
sid,ered  one  at  a  time  and  the  energy  use  of  each  should  be 
calculated  for  a  one-month  period.     The  following  information 
should  be  collected  from  nameplate  data:     energy  rating  (Btu/ 
hour);  conversion  factor;  running  hours;  and  total  energy 
consumed  (Btu) . 

Equation  1  can  be  used  to  calculate  total  energy  consumed 
for  each  piece  of  equipmeijt  surveyed. 


Total  _  Energy 
Energy  Rating 


x  Factor  x 


unning 
Hotirs 


Equation 


.  If 
ment,  sud 


he  fuel  stream  is  used- on  only  one  piece^of  eq<fip- 
as  a  space  heating  furnace,  the  survey  of 'a  con- 
nected lokd  is  quite  simple.     However,  if  the  usage  is  on  a 
number  of  \units  of  different* design  or  function,  suitable 
metering  or  instrumentation  may  be  required. 

The  faptor§  listed  in  Table  2  can  be  u£ed  as  guidelines.; 
The  calculations  for  connected  loads  are  made  to  determine 
whether  or  not  the  monthly  consumption  of  a  given^  energy 
stream  can  be  balanced  with  known  loads.     If  monthly  consump- 
tion can  be  balanced  ,to  a  reasonable  extent  (±  201  or  so)  / 
then  there  isl  a  basis  for  declaring  the  possible  scope  of 
energy  saving?  for  each  item  on  'the  connected  load.' 


1  z- 
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TABLE  2.     CONVERSION  FACTORS  FOR  EQUIVALENT  BTU  VALUES. 


Fuel  Tvoe 

Conversion  Factor 
( B  t  u  "»p  e  r  un  i  t ) 

Anthracite 

12 ,900*/lb 

Bituminous  coal  ~~ 

14  ,00Q/lb 

Lignite 

ll,000/.lb 

Kerosene 

134  ,000/gal 

n  oil 

139  ,000/gal 

#4  oil 

150,000/gal 

#5  oil 

152,000/gal 

#6  oil  (2;5%.  sulfur) 

153,000/gal  • 

Propane 

91,600/gal 

Natural  gas 

l,030/£t3 

Electricity 

3,412/kWh 

\ 


In  the  case  of  electricity,  the  problem  can  be  attacked 
rather  simply.     To  estimate  the  amount  used  for  fighting,  it 
is  necessary  only  to  count  the  number'  of  bulbs  or  fluorescent 
tubes,  read  off  their  rating -in  watts  (add  20%  for  each  bal- 
last used  with  fluorescent),,  and 'multiply  by  the  number  of 
hours  used  per  month.     The  answer  wISLJ^be  in  watt-hours  per 
month,  so  divide  by  100*0  to  get  kWh.     Example  A  demonstrates 
the  calculation  of  energy  used  for  lighting, 

>  \  ' 
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EXAMPLE  A.     ENERGY  U$£D  -FOR  LIGHTING, 

Given : 

Number  of  bulbs:  200 

Bulb  wattage  : ,  75 *  . 

Operating  hours  per  month:     310  . 

Find:  « 

Total  electricity* consumption. 

Solution: 

200  x  75  x  1  *20  x  310      rrOA  ,  nru  ,  ^ 
 ^qqq                   =  5580  kWh/month 

Electric  motors  offer  some  difficulty  for  complete  ac-  > 
curacy,  but  an  estimate^can  be  made  from  riameplate  data /and 
estimated  use,  factor.    Jf  'a  mcrtor  is_  labeled  .at  11*5  vq>l/ts  and 
a  full  load  current  of  5.5  amperes,h  it  will  use  115  V  fx  5.5  A  : 
632  watts  each  hour  of  operation  at  full  load.     Motors  seldom 
operate  at  full  load;  70  percent  of  full  load  is  a  good  aver- 
age.     Example  B  demonstrates . the  calculation  of  total  energy 
consumption  for  the  same  motor  operating  at  70  percent  o*f  full 
load. 


EXAMPLE  B.     ELECTRIC  MOTOR  ENERGY  CONSUMPTION . 


GiATen: 


Find:* 
Solution: 


Watts  per  hour:  632 
Hours  of  operation:  *  200 
Percentage  of  full  load:  0.7^ 
Total  energy  consumption. 
632  watts  x  200  hours  x  0.070 

;       im  :  


=88  kWh 
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For  v^motor  labeled  "3  phase, M  the  calculation  of  vatts 
is  voltage  times  1,732,     For  example,  a  220-volt,  3-phaie 
motor,  rated  at  a  full  load  current  o£  2,2  amperes,  will  use, 
220  x  2,2  x  1,732,  or  838  watts  at  full  load. 

Electric  heating  elements  are  rated  in  watts  and  no  cor- 
rection factor  is  involved.  The  HcWh  usage  is  simply  the  wat- 
*tage  times  the  hours  of  operation  per  month,  divided  by  1000, 

In  some  cases,  it  may  be  very  difficult  to  estimate  the 
ho^rs, of  -actual  operation,  particularly  in  equipment  con- 
trolled with  a  thermostat,  such  as  the  compressor  motor  on  an 
air  conditioner  or-the  heating  elements  on  an  electric . oven. 
In  such  cases,  it  may  be  necessary  to  have  ari  electrician 
connect  a  simple  electric  clock  across  the^motor  terminals 
and  read  the  clock  every  12  hours  for  a  day  or  so.  The 
elapsed  time,  shown  on  the  clock  at  each  reading,  will  be  the 
hours  of  operation  for' the  past  12  hours  of  real-time.  It 
must  be  recognized  that  this  type  of  measurement  is  not  always 
representative  of  a  yearly  average  energy  use.     For  example, 
the  energy  demand  of  air  conditioners  Varies  widely  with  the 
time  of  year;  the  demand  pattern  of  a  drying  oven  may  depend 
wholly  on  the  rate  of  production. 


BUILDING  SURVEY 


The  building  survey  is  a  "walk-through"  of  a  facility 
by  the  auditor.  -The  purpose  is  to  look-  for.  energy  -waste  and 
'determine  the  total  ^cn^r'for  energy  conservation.     A  check- 
list of  Energy  Consignation  Opportunities  (ECOs)  may  be  used 
as '  a  guide . 
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Typical  questions  asked  by  the  auditor  "include  the  fol- 
lowing : 

•  Why  are  lights  on  in  an  unoccupied  area? 

•  Why  is  the  hearth  operated  at  le£s  than 
full  load? 

•  Are  there  motors  running  idle? 

•  When  was  the  last  time  the  heating  plant 
was  adjusted  for  the  best  air-to-fuel^ratio 
and  filters  changed  or  cleaned? 

These  questions  should  then  lead  the  auditor  to  make  notes 
and  comments ♦ 

Not  all  ECOs  will  apply" to  the  facility,  and  some  obser- 
vations may  be  made  that-  are  not  covered  by  the  list.  The 
buiTding  survey  should  emphasize  the  ECOs  that  can  be  imple- 
mented as  maintenance  or  operational  changes  with  little  or 
no  cost.    However,  Ahe'  object  is  to  establish  the  total  scope 
for  energy  conservation.     Consideration  should  also  be  given 
to  evaluating  energy  measures  involving  capital  "expenditures. 

The  no-cost  maintenance  and '-operational  changes  should  . 
be  implemented  before  the  payback  time  for  energy  measures  is 
computed.     In  other  words,  the  building  should  be  retuiyjed  to 
its  designed  efficiency  of  operation  before  retrofit  projects 
are  contemplated.  , 

As  the  various  ECOs  are  implemented,  the  AEI  value  of 
the  bffi  Iding  wi+1  decrease.    There  will  be  a  corresponding 
decrease  in  the  energy  output. ratio  as  Btu  per  pound  of  pro- 
duct.   TJ>e  need  for  good  record  keeping  should  be  emphasized 
i£  it  is  to:  be  a  measure  of  energy  savings ^£cTfc~aTr/energy  con- 
servation program.^    The  recording  of  utility  bills  and  other 
fuels  should  be  continued  on  a  monthly  t/asis  and  compared  with 
the  previ^is  ^yea/*,s  performance/ 
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AUDITORS,. ENERGY  CONSERVATION  PROGRAMS,  AND 
TOTAL  ENERGY  MANAGEMENT  . 

'  Because  of  their  "hands-on"  relationship  with  the  facil- 
ities being  audited,  ene^y  auditors  are  in, a  good  position 
to  get  ejiergy  conservation  programs  started.     The  auditor  has 
access  to  raw  data  from  both  records  and  measurements.  This 
data,  together  with  a  thorough  survey  of  the  facility,  eriables 
the  experienced  auditor  to  determine  the  major  areas  of  energy 
*loss,  recommend  modifications  which  will  reduce  these  los/es, 
and  emphasize  (to  facility  owners/operators)  the  effectiveness^ 
of  total  energy  management. 

MAINTENANCE, AND  OPERATIONAL  CHANGES     '  — 

A  qualified  and,  experienced  auditor  .is  aware\>f  the  no- 
cost  energy  efficiency  modifications  that  can  save  signifi- 
cant amounts  of  energy  and* retain  acceptable  levels  of  comfort 
and  safety  for  a  facili ty 1  s  occupants .    Most  facilities  can 
yield  a  15%  or  greater  reduction  in  energy  consumption  vif 
operational  changes  ,are  made  conscientiously.    These  changes  , 
include  running  boilers,  at  lbest  efficiency^  keeping  indoor 
temperatures  at  68°F  or  lower  in  winter  and  78°F  or  higher 
in  summer,  turning  off  unnecessary  lights,  and  other  obvious 
but  frequently  overlooked  energy  saving  opportunities . 

■        *  < 
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SIMPLE  PAYBACK 


Given  an  energy,  measure  that  co^tsN^  "dollars  to  imple- 
mefrit  and  that  is  expected  to  save  B  dollars,  each  year  at  to-*" 
day's  prices,  the  simple  payback  is  A  divided  by  B  years,*  t  * 
The- purist  will  immediately  question  whether  the  time  value 
of  money  should  be  con^biered.     The  answer  is,  u0f  c#yrse,^Af 
one  truly  wants  to  know  the  payback  period,"    T{ie  question 
that  is  being  facefl  here,  however,  is:    Which  measures  should 
be  implemented  and  in  what  order?     iQ^smuch  as  a  fixed  dis- 
count rate  (10%)  has  been  decreed,  the  simple  payback  time* 
will  rank  the  measures  in  the  same  order  as  the  discounted 
payback  calculation.     Thus,  no  significant  information  is 
lost  by  not  utilizing  the  discounting  procedures  common  to 
payback  calculations,     .  ^  • 

If  the  auditor  has  good  first-costl  information  along 
with  an  accurate  description  of  the  anmial  expected  savings, 
the* procedures  set  forth  in  "Li  fe~Cycle  Costing  Emphasizing 
Energy , Consumption , ^Guidelines  for  Investment  Analysis x" 
ERDA-76/130,  revised  May  1977,  should  be  followed.     The  audi- 
tor  is  erfcouraged  to  be  aware  of  theSe  procedures  ""should  the 
need^aijise  for  their  implementation.^  '  • 


PRIORITY'^ANKING  OF  MEASURES 
f  . 
Several  measures  from  each^facility  c&o  be  .readily  ^anjc^ed 
by  the  auditor  if.  the* payback  periods  have  been  calculated, 
9  (Caution:    More  than  one  payback  period  technique  should  not 
be  used  s.ince  each  technique  yfeld$  different  results,)  The 
shortest  pa\&ack  period  indiactes  the  most  cost-effective 
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measures.  It.  may  be  tjiat  the  most  co^t 
neithe^the  most  ,erie£g'y  saving 'nor  the 

refor^,  spjne'  judgment  may  modafy 
payback  period  is  the  best/ gen- 
in  th^'long  run. 


*  *    I  '      /  -J 
The  facility  is  "^sponsible  £or#  implementation  .energy- 
saving  measures  / .  Wie  "auditor  may  assist  in  vthe^r^fiking  and 
tproVide  t^chni^L  advi'ce , "  but  the  sit'e\anagem^nt  must  exe-  * 
cute  the/ protect.     Follow-up  audits  -should  'be  made  to  assist 
management/Si  ensuring  thajt'energy  savings  tfxist  and  'that 
thef  ap^n/t  lost '  in  1  facility  use  ^changes  .    ffor  instance,  a 
pected  saving  for  a  boiler  change  could\be  apparently 
e^d^but  by  a  15%  increase  in  hewing  degree  days  during  the 
If  a  proper  audit  is  conducted,  the^pil  copsump- 
tion  per  degree  day  will  be  lower  and,  thus,  accounjx^or  the 
improved,  efficiency.    >-key  aspect  of  implementation  is  an  Y 
ongoing  auditf  and  continuous  record  keeping. 

The  auditor-  can  materially  aid  the  facility  by  providing 
the  'quick  training  and  guidance  needed  to  permit  the  facility 
to  chart 'its  savings  course  in  the  future.  /* - 


'next'  season 
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TOTAL  ENERGY  MANAGEMENT 


In  order  to  overcome  the  problems*  of  end-use.  restric- 
tions and, -thereby  establish  the  b^isis  for  far  more  meaning-' 
£ul  energy  conservation  programs,  private  industry  and  govern- 
ment together  helped  formulate  %a  new  conservation  method 
called  Total  Energy  Management  (TEM) . 

The  ^timate  objective  of  the  TpK^rogram  is  to  bring  a- 
building's  systems  to  peak  efficiency  and  to  maintain  that 
efficiency  through  continuing  manffgtfh^eiit^f f cypts , 

TEM  considers  every  bui'lding  or  comple^o^  buildings  as 
a  unique  entity.     To  best  understand  how  to  conserve  energy, 
TEM^holds  that  one  first  must  understand-  how  it  is  consumed 
^and  tjie  interrelationships  of  th^  various  systems,  sub-sys 
terns,  and  so  forth.     Once  thfs  understanding  is  obtained 
administrative,  health  care,  and  technical  personnel  ^re  able 
to  collaborate  to  determine  where,  when,  and  how  mtf&if ications 
should  be  made  to  reduce  consumption.     Implementation  of  mod- 
ifications and  the  overall^TEMj  program  itself/then  becomes 
the  responsibility  of  administrative  personrtel  to  ensure 
realization  of  tyiergy  conservation  goals.- ' 

Although  there  are  literally  hundreds  of/specific  TEM 
bptions  available,  the  overall  concept  of  the  TEM  program  is 
to  improve  energy  efficiency  of  all  building  systems,  sub- 
systems, ^nd  components.     Implementing  this  concept  has  three 
primary  effects.     First,  it  eliminates  energy  wastage.  Second 
.it  significantly  expands  areas  of  investigation.     This  jexpand 
opportunities  for  conservation  while  also  providing  .a/Sub^ 
stantial  amouftt  oT  flexibility  so  management  can  saafeet  th 
option  desired.  .  y) 
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Gfose  exanunation  shows  that  TEM  essentially  is  two  old 
wine/^mixed  vl  one  new  bottle/    The  management  techniques 
recommerided  /re  essentially  simil^  to  those  employed  in  any 
well-run  organization.     Likewise/  many  of  the  TEM  energy  con- 
servation/options suggested*  are/relatively  .conventional .  . 
What  ,is  /important  is  the  fact  £hat, the  technical  and  manage- 
ment aspects  of  energy  conservation  are  integrated  and  that 
so  maily  different  energy  conservation  options  have  been  inter- 
relaxed  with  one  another, 

TE^rs  impact  already/is  being  felt  in  buildings  across 

ie 

sheeted  to  other  conservation" efforts ,  energy  savings  oF 
.5%  to  20%  and  more  ii/  the/£irst  year  /Of'  TEM  application  have 
been  documented,  Ftf 
.achieve  these  savings  Require  very  little  capital  investment 
In  cases  where  capital  investment  is , requited,' payback  gen- 
erally is  three  yjfars        less.    As  the  cost  of  energy\in- 

>e,  these  payback  periods  will  become  shorter, 
(portant,  however ,  ^is  .the  fact  that  TEM  can 
£ntial  energy  arid  energy  cost  savings  without- 
the  many  working  .environments  which  modern  fa- 
^  must  support 


CTeases,  o£~ 
Perhaps-  most 
achieve  sup< 
disrupt^n 
cility'  sys 
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EXERCISE 


J 


1#      List,  compare,  and  contrast  the  major  types  of  audit^. 

2.  List  and  define  (in  no  more  than  two  sentences  each^ 
the  elements  of  the  "data  base"  for  an  energy  audit. 

3.  Define  the  AEI  and  briefly  discuss  how  it  is  used  by 
the  auditor.  'I 

Tl  ~TTst~/the  information  necessary  to  calculate  the  total 

0 

energy  consumed^ by  a  piece  of  equipment. 

5.  Convert  a  total  consumption  of  9,876,600  watt-hours  to 
kWh. 

6.  If  a  motor  consumes  700  watts  per  htfur  at  full  load, 
what  energy  consumption  figure  would  the  auditor  use 
in  estimating  actual  energy  usage? 

7.  Define  simple  payback,  drscuss  it  briefly,  and  include 
in  the  discussion  the  ways  in  which  the  auditor  can 
make  use  of  it.  9 
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 ~_   TEST 

Multiple  Choice.     For  Questions  1-4,  choose  the  answer' 

closest  to  the  correct  one  by  circling  the  appropriate  letter, 

•  < 

1.  What  is  the 'total  monthly -electricity  consumption  of 
196  incandescent  light  bulbs  .rated  at  60  watts  'each, 
operating  310  hours  per  month?       „  * 




b.       3647  kffh  '  r 
•     c.      4375  kWh 

d.  .     3923  ktfh 

e.  3214  kWh  .  - 

2.  What  is  the  total  monthly  electricity  consumption  of  75* 
fluorescent  light  tubes  rated  at  40  watts  each,  operating 
720  h^urs  per  month?     (Remember  to  include  ballast  con- 
sumption.)  ^ 

a.  1949  kWh  ^ 

b.  2419  kWh 

c.  2160'  kWh 

d.  3019  kWh 

e.  259  2  kWh 

3.  What  is  the  total  monthly  electricity  consumption  of. a 
motor  that  is  labeled  115  droits 6.5  amps,  operating  150 
hours  per  month?     (Remember  that  motors  do  not  always 
run  at  full  load.) 

a.  78  kWh  J 

b.  87  kWh'-'  . 
»  c.       72  kWh  . 

d.  81  kWh  .  s' 

e.  76  kWh 
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What  is  the  simple  payback  period  for  an  energy  conser-5. 
vation  m$£sure  that  costs  $9,152  to  implement  and  reduces 
the  annuaiS^lectricity  consumption  of  a  facility  by 
14,500  kWfc 
a . 


an  area  where  the  charge  per  kWh  is  $0.05? 


b. 
c . 
d. 
e . 


10.2  yxear 
12.6  years 


11.2  years 
14 . 6'  years 
12.1  years 


false  in  the  blank  at  the 


True  or  False.     Enter  true** 
of  Questions  5-V). 

The  mini-audit  requires  no  tests  or  measurements.  ^  

Population  density  is  estimated  by  calculating  the  floor 
space  per  employee.   

The  preliminary  information  an  auditor  collects  need  not' 

include  actual  utility  billings  .*    .  ' 

To  calculate  the  AEI,'  all  forms  of  energy  must  be  con- 
verted to  kWh.   m 

There  are  as  many  BtuS*  in  79  kWh  of  electricity *as  there 

ar.e  in  1.9vgallons  of  #2  oil.   

220-volt,  3-phase  motor,  rated  at  a  full  load  current 
of  2.5  amperes,  consumes  915  watts'  at  full  load.   
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MODULE  EA-04 
BUILDING  SYSTEMS 


0  R  D     CENTER  FOR  OCCUPATIONAL  RESEARCH  AND  DEVELOPMENT" 


•  12  J. 


INTRODUCTION 


The  building  envelope  is  the  major  non-*e*iergized  energy 
pse  Vystem.     The  building  "envelope  is  composed  of  all  exter- 
nal surfaces  that  are  subject  to  climatic  impact  and  internal 
barriers  to  heat  flow.'.    This  module  discusses  air .  infiltra- 
tion and  exf iltration,  solar  heat  gain  and  loss  .through  the, 
major  components  of  the_envelop^ ,  and  internal  heat  flow. 
R  values  and  U  values  are  discussed  and  the  methodology  for 
calculating  them  is  explained^ 


PREREQUISITES 


1 


The  student  should  have  "completed-  Module  EAr03,  "Energy 
Audit  Process^nLd"ATTaly"si-s^r" 

—    -  \ 

-   OBJECTIVES 

Upon  completion  of.  this  module,  the  student  should  be 
able  to : 

1.  Discuss  air  infiltration  and  exf iltration ,  heat  gain, 
heat  loss,  and  heat  flow  as  they  impact  on  the  entire 
building  energy  use  system. 

2.  Explain  and  calculate  R  values  and  U  values. 

3.  Discuss  practices  that  improve  energy  efficiency  of 
building  operation  without  maintenance  or  retrofit. 

4.  List  and  discuss  operation/maintenance  and  retrofit 
measures  for  improving  energy  performance  of  the  bui^d- 

^Ijig  envelope. 


J 
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SUBJECT  MATTER 


BUILDING  SYSTEMS:     TOTAL -ENE-RGY  MANAGEMENT 

The  energy  required  in  all  types  'of  buildings  to  provJLde 
proper  environmental  conditions  (temperature,  lwi!H^d4rt-y-<r- light , 
and  fresh  air)  involves  not  only  mechanical  systems  and  ser- 
vices, within  the  facility,  but  also  the  building  envelope. 

The  building  envelope  contains  the  man-made^md^nment--aixd  

excludes  often-adverse  outside  conditions. 

Total  energy  management,  therefore*,  must  incoporate  *  all 
possible  ways  that  conductive  and  convective  heat  losses  and 
gains  (jputdoors-to-indoors*  and  indoors-to-outdoors)  can  occur 
-each  season  through  the  building  envelope.     The  energy  man- 
agement  technician  must  also*consider  solar  heat  gains  -  help- 
ful in  winter  and  unwanted  in  summer.,  And,  because  of  func- 
tional complexities,  energy  management  should  also  extend  to 
the  separation  of  environmental^ zones  inside  the  building  en- 
velope. 


THE  ENERGY  AUDIT  .*  , 

A  total  energy  management  program  must  begin  with  a 
thorough  energy  audit  of  t^e* building  and  its  systems  -  not 
the  least  of  which  is  the  building  envelope.'    The  first  step 
of  an  audit  is  to  examine  all  physical  conditions  of  the 
building  that  are  subject  to;  heat  transfer.  , 

All  the  items  found  in  the  basic  audit  -whether  or  not 
in  need  of  repair  or  installation  -  should  be  schedul  id  for 
re- examination  on  an?  appropriate  .periodic  basis  so  that"  cost 
effective  and  energy-effective  maintenance  is  achieved. 
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This  scheduling  may  be  computerized  as  part  of  the  overall 
building's  energy  management  program.     In  that  way,  the  con- 
ditions and  effect's  of  the  building  envelope  become  part  of 
the  monthly  energy  consumption  analysis, 

CONSERVATION  OPPORTUNITIES 


There  are  many  small  ways  to  conserve  energy  in  the 
building  envelope,  as  well  as  larger,  more  expensive  improve 
ments  that  can  be  made;     It  is  important  to  put  these  oppor- 
tunities into  some  overall  perspective,     prom  the  broad 
point  of  viewi,  there  are  five  major  areas  of  concern.  They 
follow,  in  order  of  importance,  for*  existing  building  con- 
siderations :  ' 

•  Reduction  of  infiltratiop  and  exfiltration 

-  ^    •  Reduction  of  solar  heat  gain  through  windows 

•  Reduction  of  heat  loss  through  windows 

•  Reduction  of  heat  gain  and  loss  through  walls,, 
roofs ,  floors ,  and  slabs 

•  Reduction  of  internal  heat  transfer 

A  general 'analysis  of  each  of  these  five  subjects  is 
presented  in  the  discussion  that  follows.     Some  specific 
conditions  are  cited,  but  a  more  complete  list  of  possible 
steps  in  energy  conservation —  especially  for  the  many  small 
efforts  that- add  up  to  meaningful  savings  —  is  provided 
in  the  Energy  Conservation  Checklist  section  of  the  Energy 
Audit  Workbook. 
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INFILTRATION  AND  EXFILTRATION 

The  need  for  a  large  portion  of  the  energy  used  for 
heating  and  cooling  a  typicai  building  results  from  the  heat 
gains  and  losses  through. the  building  envelope.,    In  the  typ- 
ical building,  the  maj^^portion  of  that  loss  or  gain  occurs 
as  infiltration  and  e^paltration  (air  leakage  through  all 
kinds  of  dracks  and  crevices  in  the  building  envelope)  . 

Outside  air  can  leak  through  cracks  around  operative 
window  sashes  and  doors,  between  the  door  or  window  frames 
and  the 'wall  materials  in  which  they  are  set,  and  through 
joints  in  the  basic  wall  construction  -  especially  in  panel- 
ized  wall  systems . 


BUILDING  EXTER] 


There  are  many  types  of  building  exterior  treatments; 
chaises  fo/  leakage  in  and  out  of  the  building  envelope  vary 
accoroi-ftgly .     For  example,  consider  the  increasing  amount  of 
crack-footage  in  the  following  list  of  facade  types: 

•  Individual  windows  set  in  brick  walls 

•  Bands  of  windows  set  in  briclc  walls 

-  Precast  panel  systems;  windows  in  some  panels 
\  •  Curtain  yall  treatment  on  two  sides  only 
N  •  Curtain  wall  treatment  on  all  four  sides 

\  At  the  sam^time,  consider  the  quality  of  the  installa- 
tion'and  the  caulking  materials  used.    Quality  of  installa- 
tion can  vary  from  good  to  poor,  and  caulkin-gs  can^ change  in 
quality  with  age.     Fortunately,  most  curtain  wall  systems 
haVe* good  details  for  holding  glass  and  for  preventing  leak-* 
age. 
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Infiltration  and  exfiltration  vary  with  wind  velocities 
and  wi,nd  pressure  Cboth  positive  and  negative)  on  different 
sides  of  the  Building.     Air  pressures  insidQ  the  building 
envelope  can  al^o  be  positive  and/or  negative.    Wind  and  air, 
pressures  can  com'bine  with  exterior  ^conditions  ta,  induce 
leakage  when  the  potential  exists. 


'STACK  EFFECT 

There  is  also  a  stack  effect  in  tall  i&ildings ,  espe- 
cially in  vertical  spaces  like  stairways/ elevators /  and 
mechanical  service  shafts.     Warm  air  rises.     So,  when  outside 
air  is  cq/d,  there*  is  a  strong  potential  for  infiltration  on 
bottom  floors  and  exfiltration  at  top  floors. 


CAULKING  AND  WEATHER  STRIPPING  ■  ■ 

-  ¥  * 

Caulking  between  fixed  systems  and  weather  stripping  1 
movable  window  sashes  and  doors  are  major  means  of  reducing 
infiltration  and  exfiltration  in  the  building  envelope. 
There  are  probably  as  many  types  of  caulking  and  weather 
^tripping  materials  as  there  are  types  -of  cracks  to  be  filled 
In  general,  the  non-hardening,  surf ace-skinning  types  of     *  * 
caulkings  are  best.     Caulkings  must  have  permanent  adherence 
and  should  be  chosen  according"  t^^sujf aces  involved.  These 
surfaces  must  be  clean  and  dry.     For  wide  cracks,  a  filler 
(or  backer-rod)  can  be  used  before  caulking.    Weather  strip- 
ping includes*  compress  ible  ,  closed -cell  foam ;  compressible 
tubular  systems;  and  interlocking  metal-strip  systems.  Since* 
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there  are  many  conditions  that  can  exist  for  caulkings  and 


weather  Stripping,"  it  is  wise  to  get  expert  advice  on  the 
subject.  % 


STORM  WINDOWS 


Storm  windows  are  often  used  to  increase  thermal  resis- 
tance  through  glass*.     Double  .glazing  is  also  used  for  thi^  * 
purpose.     However,"  storm  window  units  generally  have  an  ad-  * 
vantage:     increased  control  over  leakage  of  air  around  win- 
dow frames.     Depending  on  window  framing  and  installation 1  de- 
tails^, storm  windows  in  secondary  frames  are  usually  more 
energy-conserving  than  double  glazing  in  a  single  frame,  and 
•storm  windows  are  often  easier  to  use  in  existing  conditions. 


SOLAR  HEAT  GAIN  * 

Heat  gains  from  solar  radiatioa  through  windows  in  Texas 
buildings  can  have  a  major  impact  on  'energy  V^dep  ending  on 
factors  -Like  orientation,  exposure  and  shading,  winter  and 
summe^,  types  of  g  las  if', 'and  glass  treatment..  Tennessee,  on 
the  other  hand,  is  located  where  winters  are  moderately  cold; 
the  need  for  cooling  to  overcome  heat -gain  through  windows 
♦in  summer  is  comparable  to  the  benefit  of  heat  gain  in  the 
winter.     To  compare  heating  and  cooling  requirements  for  var- 
ious areas  in  the  United  St.ates,  see  Figure  1 , '  "Climatic. 

Zones.-"  '  •  .   ,  • 

TherV  is  so  much  more  heat  gain  from  solar  radiation 
than-  from  conduction  through  the  glass  that  radiative  gains 
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1<  2000  COO 
>7000  MOO 


<  2000  COO 
6500  -  7000  HOD 


2 
3 


<  2000  COO/ 
4000*6! 


ij<2000COO 
Ht   2000  •  4000  MOD 

£<  2000  COO 
%>  0-2000^DO 

6>2000COD 
0-2000  HDD 

/ 

7>2060COD 
2000  •  4000  MOD 


Heating  Degree  Days  *(HDDl  and  Cooling  Degree  Days  (CDD)1    This  is  the  a^erage~oT~ 
the  daily  maximum  or  minimum  temperatures  of  any  given  day.    The  degree  day  value' 
for  any  given  day  is  the  difference  between  65  degrees  and  the  mean  daily  temper- 
mature,    'Example:    Me^n  daily  temperature  of  50  degrees  -  the  degree 7days  are  65 
minus  50  degree  days.    They  measure  the  severity  of  the  entire  season. 


Figure  1.     Climatic  Zones 


dered  before  conductive  heat  transfer  through 
.s  considered.     When  double  glaring  is ' determined 
best  approach  for  reducing  sunmier  he^'t  gains,  there 
.so  be,  a/benefit  in  controlling  /heat  losses  in  the  win-. 


The  effects  of ^building/orientation >are  different  for 
winter  and  summer.     In  winter,  the  ^un  rises  a  little  south 
>f  east,  is  low  in  the  smith  sky  at  noon,,  and  sets  correspond- 
ingly south  of  west.     Thus  sun  movement  allows  some  east  and 
west  wall  solar  heat  g/in  in  tl>e  morning  and  afternoon,  re- 
spectively, and  a.  lot/ of  midday  suh  on  the  south  wails  and 
into  south-facing  w&ndpws .    /In  the  summer,  the  'sun  crises  a 
little  north  oi/ eafet  and  s^ts  a  little  north  of  west.  At 
7roonT~the  sun/ is/high  ovethead,  barely  shining  on  southerly  * 


Summer  solar  radiation,  therefore,  is 


walls  and  windows. 

/   /   /  /  / 

more  severe  0/  east  a#d'west  exposures  and  not  so  serious  on 
southern  expfoSur/es  .  ,  North-facing  >walls  and  windows  get  no 
sunshine/  iff  the/wiiiter  and  only  early  morning  and  late*  after- 


noon  atfgt 


Lar  e6cpc/sure  to  summer  sun. 


EXTERIOR  SHADING 


Ext/rior  architectural  shading  for  windows  must  relate" 
'thes'e  sun  angles.     On  east  and  west  elevations",  such  de- 
vicV^/must  be  vertical*,  the  "full  height  of  the  windows,  and 
sometimes  adjustable  for  the  actual  orientation  and  time  0} 
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day.    For  south^f£)cing  windows,  roof  overhangs  and  projecting 
horizontal  "eyebrpw^s"  over'  each  band  of  windows  can  give  shade 
in  summer'yet  allow  winter  solar  gains.    When  used*,  such 
shading  devices  are'usually  part*  of  original e design  and  con- 
stYuction.     Th%ey  are  only  occasionally  installed  on  existing 
structures. 

External  shading  devices  are  the,  most  effective  method 
of  controlling*  solar  heat  gain  because^  they  prevent  the  sun 
from  shining  directly  on  the  glass, \  There  are  some  external 
sunshading  devices  ^available  that  caji  be  fixed  to  tlt^  window 
openings,  and  that  provide  meaningful  shsuHng,  Sometimes, 
these  devices  can' be  removed  or  adjusted  to  allow  winterNsolar 
heat  gain.  \.„. 


INTERNAL  SHADING 

Internal  shading  devices  include  drapes.  Venetian  blinds, 


vertical  louver  .blinds ,  roller  blinds,  and  variations  of  these 
basic  types.     While  less  effective  than  other  methods  of  solar 
heat  gain,  internal^shades  are  relatively  inexpensive  and*  are 
more  easily  adjustable  to  solar  gain,  light,  and  view  consid- 
erations .  ^  n  .  *" 

WINDOW  GLASS  TREATMENTS  * 

Tinted  or  reflective  glass,  and^ref lective  polyester 

fiTmsTappTied  to  the  inside".o~F"the  glass,  may ^ilso  t>e  used 

to  reduce^  solar  heat  gain.     Tinted  or  reflective  glass  can 

be  used  to  replace  existing  glass  or  to  create  double  glazing 

> 
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'(storm  windows).     Films  are  self-adhesive,  but  require  care 
in  application.     Film  should  be  on  the  inner  face  of  the 
outside  layer  of  glass' on  storm  windows.     (If  film  is  put  on 
t!he  inner  glass,  reflected  heat  will  be  tr.apped)  . 

An  example  of  solar  heat  gain  reduction  involves  the  ap- 
plication of  ref lective^solar  film  to  10  ,000  square  feel:  of 
east,  south,  and  west  windows  in  a  10-story  office  building 
in  Miami,  Florida.     The  annual  energy  savings  calculated  was 
15%  -  wi-th  a  payback  of  just  over  two  years. 

In  winter,  solar  heat  gain  is  beneficial.     The  useful- 
ness of  winter  solar  heat  gain  must  be  balanced  against  summer 

'solar  gains  according  to  orientation,  types  of  glass,  reflec- 
tive films,  latitude,  solar  Gont^o-1—dev.ices^-and  percentage 
of, sunshine.     Note  that  about  10%  less  sunlight  penetrates 
double  glazing  than  single  glazing.     However,  double  glazing 
reduces  the  heat  load  due  to  conduction;  the  benefits  from 
this -more  than  offset  the  16s\  of  svolar  radiation. 


HE AT  LOSS  THROUGH  WINDOWS 

On  the  -national  scale,  it  has  been  estimated  that  20% 
of  energy  goes  to  space  conditioning  in  buildings.  Of  this, 
25%  resUlts-4rom  heat  losses  and  gains  due  to  the  relatively 
high  thermal  conductivity  of  windows* -  an  energy^use  equiva- 
lent to  an  average  of  1.7  million  barrels  of  oil  .per  day. 
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U  VALUE  '  ,  f 

t 

The  rate  of  conductive  heat  flew  through  various  farts 
of  ^he  building  envelope  (glass,  walls,  roof,  floors?*  and  so 
forth)  is  expressed  as  a  U  value.     This  rating  is  ^in  units  ^ 
of*  Btus/hour/squa're  foot  of  surface/°F  of  temperature  dif- 
ference inside  to  outside.    The  lower  the  U  value,  the  higher 
the  insulating  value  of  the  construction  rated.    Typical  wall 
and  roof  constructions  vary  from  U  =0.4  to  U  =  0.04,*  depend- 
ing, on  the  basic  structural  materials  and  the  type  and  thick- 
ness-of  the  insulation  used.,    Single  panes  of  glass  in  still  - 
air  (less  than  15  mph)  have  a  U  value  of  1.13.     Double  glazing 
reduces  the  U  value  to  about  0.55. 

These  values  show  a  greater  concern  for  heat  flow  through 
glass  than  through  the  solid  part!*  of  the  building  envelope 
(exterior  walls,  roof,  and  floors  over  unheated  space).  It 
is  helpful  to  put  this  difference  into  some  sort  of  perspec- 
tive.    This  is  done  by  comparing  U  values  to  what  would  be 
equivalent  areas  for  the  same  transmission  ot  Btus"  per  hour. 

-  Assume  the  follbwing  reasonable  U  values  for  two  windows 
(based  .on,  Table  1)  and  a  *wall : 

a.  '    Windows  with  single  glass:     1.1  U  value 

b.  Window  with  double  glass:     0.55  U  value 

c.  The  solid  wall:     inside  -  gypsum  board 

insulation  *  R-17. 
wall  -  0.055^  U  value 
j  exterior  =  sheathing  plu^-  wood 
'  .<  panel,  painted 


\ 
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TABLE  1.     U  VALUES  FOR  GLASS. 


Glass 

U  Value 

Single  pane 

1.13 

Double  pane 

0.65 

Triple  pane 

•0.47  - 

Storm  window  and 
air  space 

0.56 

The  rate  pf  heaf  flow  through  the  solid  wall  is  one- 
tenth  -that  of /the  double  glazed  Window,  which  in  turn  is  one- 
half  that  of /the  single  glass.     Since  this  transmission  rat- 
ing is  on  a  Jquare-foot  basis,  the  same  amoun^  of  heat  would 
be  transmitted  through: 

a-      Single  glass  window:     2.51  x    41  =  10  sq  ft 
 b.      Double-glazed  window:       5'  x    4'  =  20  sq  ft  ■ 

c.      Solid  wall:  10'  x  20'  =  200  sq> ft  " 

Using  double  glazing  reduces  the  conductive  heat  loss 
of  single  glazing  by  one-half.    However,  this  will  occasion- 
ally be  modified  by  solar  radiation  and  wind,  and,  therefore, 
by  orientation.     Wind  destroys  the  exterior  air  film  on  the 
glass;  this  causes  the  U  value  o£  the  window  to  increase. 
Shutters,  screens,  trees,  and  other  shielding  devices  reduce 
this  wind  effect ... 

It  is  of ten, easier  to  add  storm  windows  to  existing  win- 
dows than.it  is  to  change  to,  dQuble  .glazing  in  the  original 
frame.     The  choice  will  vary  with  the  physical  conditions  , 
the  present  needs  and  replacement  plans,  and  so  forth,  for 
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•  each  building.     The  use  of  storm  .windows  provides  greater 
reduction  in  heat  transfer  through  the  windows  because  of 
greater  air  space.     Storm  windows  give  more  control  over  air 
infiltration  because  of  the  second  frame  set  tightly  in  the 
window  opening. 

MEAN  RADIANT  TEMPERATURE 

The  use  of  the  various  types  of  drapes,  blinds,  and  ap- 
propriate linings  to  cover  windows  not  needed  for  light  or 
view  also  helps  reduce  he'at  f lox^^hxoag4^4^indo;^s^ — An  added 
advantage  provided  by ^the  drapes  is  that  they  improve  the 
mean  radiant  temperature  in -a  room  or  office.     That  is,  the 
occupant  often  will  not  feel  the  cold  window  in  the  winter  or 
window  heat  in  the*summer.     Eliminating  this  human  response 
to  radiant  heat  'flow  toward  or  fron?  glass  precludes  the  occu- 
pants1 need  for  more  heat  or  more  cooling  for  comfort. 

-    When  'rooms  or  zqqes  of  the  building-  are  unused-  or— closed 

off,  thermal  transmission^rough  the  windows,  in  both  winter 
and4  summer,  can  be  meaningfully  refduced  by  closing  off  the 
windows  with  various  types  ofvthermal  barriers.     Depending  on 
the  time  the  space  is  to  be  closed  o,ff,  and  on  how  the.  space 
heating  andv cooling  is  to  be  maintained,  the  thermal  barriers 
can  range  from  simple  drapes  /nd  blinds  to  storm  windows  or 
opaque,  insulated  panels.  / 
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HEAT  FLOW  THROUGH  WALLS,  ROOF,.  AND  FLOORS 

# 

R  VALUE  AND  U  VALUE 

Energy^conservation  efforts  must  take  into  account  the  t 
tate  af  conductive  heat  Jrlow  through  various  types  of  build- 
ing construction.    This  is  the  U  value  of  each  complete  con- 
struction (inside-to-outside)  including  air  films,  as  dis-  - 
cussed  above.     If  heat  flow  is  to  be  reduced,  the  R  value  (or 
thermal  resistance)  of  materials  like  insulation,  masonry, 
wood,  or  plaster  must  also  be  considered.     In  computing  for 
energy  conservation  "purposes^  ~  the  R  value  of  all  materials 
in  a  wall  construction  is  totaled.     The  result,  or  total  R 
value,   is  the  reciprocal vpf  the  U  value  of  the  whole  construc- 
tion. ^ 

This  relationship  of  the  U  value  to  the  total  R  value,- 
and  then  to  the  R  values  of  the  parts  of  a  construction,  is 
meaningful  in  discussing  improvements  that  might  be  %chie>&d 
"by  tlie "addition  of  certain  insulation  materials,  insulation-- 
materials  are  commercially  rated  by  their  R  values,  even 
thoughAthe  U  value  is  commonly  used  as  a  rating  of  the  total 
construction,.  *  * 

It  is  best  to  remember 'that , "simply  put:  ^ 

•  The  higher  theJR  value,  the  better  the  insula- 
tion of  the  material"^  - 

i  „  . 

•  The  lower  the  U  value,  thelDetter  the  insula- 
tion  of  the  whole  construction. 

For  most  wall  and^roof  constructions,  individual  struc- 
tural materials  are  -inadequate-as— thermal  barriers .because 
various  amounts  and  types  of  insulation  &re  included  in  thei^ 
design.     The  physical  examination  of  a  building  envelope  dur-a 
ing.  a  basic  energy  audit  should  include  an  analysis  of  the 
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plans,  details,  and  specifications  of  building  construction. 
This  analysis  will  determine  the  resistance  to  heat  flow  of 
the  building's  parts.     This  analysis  should-also  be  done  for 
the  various  details  of  warll  and  roof  construction  -  and  for 
any  floors  over  unconditioned  spaces. 

Variables  include  latitude,  solar  radiation,  degree 
hoars  above  80°F,  winter ^degree  4ays,  building  and  wall"  ori- 
entation, surface  heaf  absorption  coef f icients|ft*<?asonal  wind 
patterns  and  velocities ,  ^as  well  as  the*  'theb'refrcal  Upvalue 
of  each  construction.  \  £ee  Table  2  to  compare  heat  loss 
through  roof  and  Table\3  to  compare  heat  gain  through  roof 
for  selected  cities  in  vthe  .United  States. 

*    The' mass  of  a  wall\does  not  give  it  a  better  or  lower 
U  value,  per  $e._  Mass  .simply  provides  a  form  of  thermal 
inertia,;,    it  slow,?  up  heat  ^transfer  'and  delays  the  impact 
of  outdoor  temperature  changes  on  inside  conditioned  space. 
The  time  Jielay"'allojKS*  the\  wall  to  act  dynamically  as  a  ther- 
mal storage  systejn,  smoothing  out.  peaks  in  heat  flow  and 
somewhat  reducing  yearly  heat^loss.     High  mass  wall* 53.  of  80 

to  90  lbs/sq  ft  have^apjproximately  2%  leSs  yearly  heatloss 

•  \  \  — 

(or  gain)  than  low  mass  walvLs  of  10"  to  20  lbs/sq  ft,  assuming 

the  same  U  value  and  absorption  coefficient  for^both  walls. 

-/  \     ,  >^ 
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TABLE  2.     YEARLY  HEAT  LOSS/ SQUARE  FOOT  THROUGH  ROOF. 


LiU  LlLUUc 

Solar 
Radiation 
Liangxcys*^ 

Degree 
Days 

Heat  Loss  Through  Roof  Btu/Ft2  Year 

11=0.1 

19                          U=0.12  « 

a=0.8 

a=0.3 

a=0.8 

Minneapolis  - 

45°N 

325 

8t382 

35,250  . 

30  967 

21  330 

18,642 

Concord,  N.H. 

43°N 

300 

7,000 

32,462 

27 ,678 

19 ,649 

16,625 

Denver  v 

40°N 

425 

6,283 

26,794 

99  Aftl 

1  996 
1U  ,  z.  z.  u 

Chicago 

42°N 

350 

6,155 

27,489 

91  SQfl 

1  6  6n 

1U  ,  \J  ~J  -J 

St.  Louis 

39°N 

375 

4,900 

20,975 

17,438 

12,692 

10,457 

New  York 

41°N 

350 

4,871 

91  ^9^ 

17,325 

12,911 

10,416 

Con    T?y~ anf>  ■}  or*o 

jo  r 

*T  J-\J 

j ,  \j  ij 

10,551 

8,091 

6,381 

4,784 

Atlanta 

34°N 

390 

2,983- 

12,601 

9,841 

7,619 

5,832 

Los/ Angeles 

34°N 

470 

2,061 

4,632 

3,696 

2,790 

2,142 

Phoenix 

33°N 

1,765 

5,791 

4,723  - 

3,487 

2,756 

Houston 

30°N 

430 

1,600 

6,045 

4,796 

3,616 

2,778 

Miami 

•26°N 

451  . 

141 

259^ 

130 

139 

55 

*The  langley  is  a  measure  of  radiation  intensity.     One  langley  equals  3.68  Btu  per  square  foot. 

4  / 
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TABLE  3.     YEARLY  HEAT  GAIN/ SQUARE  FOOT  THROUGH  ROOF 


00 


City 

Latitude 

Solar 
Radiation 
La'ngleys* 

D.B.  Degree 
Hours  Above 
78°F 

Heat  Loss  Through  Roof  Btu/Ft2  Year 

U=0.19  U=0.12 

a=0.3 

a=0.8 

a=0 . 3 

a=0.8 

Minneapolis 

45°N 

325 

2,500 

2,008 

8,139 

1,119 

4,728 

Concord,  N.H. 

43  °N 

300 

1,750 

1,891 

7,379 

1,043- 

4,257 

Denver 

40°N 

425    r  - 

4,055 

2,458  ' 

9,859 

w 
1,348 

5,680 

Chicago 

*42°N 

350 

3,100 

2,104 

7,918 

1,185 

4,620 

St.  Louis 

39°N 

375 

6,400 

4,059 

12,075 

2,326 

7,131  " 

New  York 

41°N 

350 

•  3,000 

2,696 

9,274 

1,543 

5,465 

San  Francisco 

38°N 

410 

3,000' 

566 

5,914 

265 

3,354 

Atlanta 

34°N 

390 

9,400 

4,354 

14,060 

2,482 

8,276 

Los  Angeles 

34°N 

,  470 

2,000- 

1,733 

10,025 

921 

5,759 

Phoenix* 

33°N 

520 

24,448 

12,149 

24,385 

7,258 

14,649 

Houston 

,30°N 

430 

ii  ,/oo 

7, '255 

20,931 

4,176 

12,369 

Miami 

26°N 

451 

10,771 

9,009 

24%  594^ 

5,315 

14,716 

*The  langley  is  a  measure  of  radiation  intensity.    One  langley  equals  3.68  Btu  per  square  foot. 

143 


i 


ERIC 


1 


1-VJ 


INSULATION 


d  When  it  is  determined  that  the  U  value  of  a^  wall  should 
(be  lowered  as  an -energy  conservation  measure,  the  first  con- 
sideration should.be  to  increase-  the  wall  insulation.     It  is' 
seldom  possible  to  do  this  without  going  to  some  extreme  mea- 
sures, such  as  removing  the  interior  wall  surfaces,  (often 
gypsum  board  or  p  Taster)  and  then  adding  appropriately  high  . 
R  value  insulation  before  resurfacing  the  wall.  / 


Exterior  Facing 

It  is  also* possible  to  add  insulation  with  a  ,uew  facing 
over  existing  surfaces.    When  added  to  thrfe  exterior,  the 
treatment  will  have  to  be  weather- sealed  and  vapor-proofed,^ 
and\it  will  give  an  entirely  new  lpolc  to  the  building  unless 
a  timilar  facing  existed  before^/  Such  exterior  treatment  is 
feasible  for  low-rise  structures,  tfut  difficult  for  tall    * , 
buildings.  .  It  has  the  practical  advantage  of  causing  little 
disruption  TnlFide  the  building 


'Interior  c>Facinc 


Interior  treatment  is,  easier  in  tail  buildings,  but  is 
disruptive  to  normal  operations.     In/both  interior  and  exte- 
ribr'/treatments ,  there  are  likelv/xo-be  architectural'  and^ne- 

.•anical  complications  not  readily  discernable.     There  are 
usually  building  ^ode  conditions  to  consider.    Therefore,  it 
is  advisable  to  get^ professional  fi&lp/^See  Figure  2 ,  "*!,U  7 
Values  for  Typical  Waji  and  Ropf  Construction  (Wall<$).lf 
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Construction        „  Resistance  (R) 

1.  Outside  surface  (15  aoh  wind)   0.17 

2.  Face  brick  (4  in)   0.-4 

3.  Ceaent  nortar  (1.3  if.)  A  0.10 

4.  Concrete  block  tcinaer  agg)  (8  in)   1.72 

5.  Air  space    (reflective)    2.30 

'v6.  Cypsua  vallboard.  foil  back  *  1 ' 2  in)  0. -»5 

ly  Inside Viurtace  (stiil  air)   O.o8/ 


Total  resistance 
C  ■  1/R  «  l'c.36 


 <0.16 


Construction  -Resistance  (3) 

1.  Jut  side  surface  1 15  -son  .ird)  ,  0  ".7 

2.  Cocoaon  brick  i-  in)  yl   J. SO 

3.  Air  soac*   ;  A  l.*7 

4.  Concrete  block  (stone  aggj  (4  id,   0.7. 

5.  ^r  space   .A  

6.  oypsun  vaiTooaro  ii/2    0.-5 

Ir.slce  surface  'still  air)'   0.68 

Total  resistance    -,75 

L'  -  I/R  »  .'4.7,5  ■  ./.  

Construction  /      *  Resistance  iR) 

1.  Inside  surrace  ,dz  ill  air;   J.r?o 

2.  ?ias.  fit  wt  4gg>  5'S  in    0.39 

3.  Ceaent  bltc^t  '  cinaer  aggj  (-  iv   „l.il 

rias.  vlt/vt  5/3  ir    ).39 

5.    tnsiae  ^surface  (still  air)   Q.iS 

Tota^  resistance    3.-5 

u,*  \"z  >  i  ;.:*>  »  !  

Construction  '  ~~  Resistance  (S) 

I.    Outsiue  surface  u5  npn  -find)  ,0.17 

/'2.    Face  orics  (•*  in>  0.** 

/     3.    Corraon  brick       in)   J. 30 

4.  Air  space   i . . .  0.  ->7 

5.  Cypsun  vallboara  <1  2  in)   rt.-l 


Insice  surface  (still  air)   J.o3 

Total  resistance  *   ;.5l 

V  *  1/R  *  "1,  3. 5i  •    0.-9 

Adjustment  for  furrite    1  j:  I  in      16  in  a.*.,  ic 
r«  "j  n  I.jO  «  0.29  x  1.00  ■  0.29 

Construction  Reslsearce  \1) 

1.  Outsice  surface    13  -.on  vino)   1,1" 

2.  Siding,  .coc.  1/2     o  .n  laopea  <avgjr...  *.K 

3.  Shea c run i,  1  2  ascnalt~-i:apresnatea   1.32 

*p   Air  soace    >  )" 

5.  GyyjuB  vallboara  (1/2  -n)...*  *   2.-*5 

6.  Inside  surface  'still  air*   3  oo 


reaistar.ee 
C  »  1/R  p  1.4.12 


4.^0 

0.23 


,  instruction 

1.  Sur'ico    -till  air  • 

2 .  s.  *'?bus        .  1  2  in)  • . 

3.  \iz  soajt   

*>psu=  ,o  .-boars  »1# 

3.    Surface  Utill  sirj- 


\esistmce  <*\ 

 «,* . .  O.oo 

.   0.-5 


j-.cS 


"otal  resistance  . .   3.22 


t  2345 


figure  2o.    U  Values  for  Typical  Wall  /nd 
Roof  Construction  (Walls). 
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Roof  Insulation 


•4, 


Heat  gain  and  loss  through  roofs  can^also  be  reduced  by- 
lowering  the  U  value  by  adding  insulation.     Again,  there  are 
techniques  for  this  additional  treatment  bothTon  top  and  on 
the  underside  of  the  roof.         .  * 

When  adding  insulation  to  the  top  of  the  roof,  work  is 
less  disruptive  and.  may  be  done  when  the  existing  surface, 
needs  repair.     The  surface  must  be  prepared  according  to  the 
techniqueynsmployed.     Bo tTT -sprayed  f oam"Tn"d~rigid  board  lTF 
sulation,  are  available  for  use  on  roofs.     Each  has  a  treat- 
ment for  a  new  top  waterproof  surface.     When  the  existing 
roof  4s  acceptable, ,  especially  with  a  n^ew  built-up  roof,  the 
new  LRMA  roof  system  of  Dow^styrof oam  may  be  appropriate, 
since  insulation  is  laid  .over  waterproofing,  shielding  it 
from  the  sun1^  heat.     A  professional  consultant  should  be 
sought.  t.  • 

1  .    Insulation  below  tl^e  roof  structure  may  be  applied  to 
the ^underside  of  that  structure  by  spray  application  or  with 
fitted  pieces  of  insulation  board.     One  must  work  above  and 
around -existing  utility  lines,  pipes,  ducts,  and  structural 
members.     The  need  for  insulating  the  pipes,  ducts,  and  so 
forth,  should  not  be  dverlooked  -  nor  shpuld  their  location  in 
"TIT e " aT£ i^~Tprc~^a^w~^Onre  area  of  the  rcTd f Tin ct e rsl d $ r~to~"^o" 


untreated.     If . insulation  is  laid  over  the  existing  ceiling, 
it  is  important  to  consider  pipe  and  duct  insulation 'and, 
possibiy,  the  need  for  attic  ventilation.       "  ~ 
I     /As  a  rule  of  thumb,  the  thickness  of  duct  insulation  re- 
quired is  one-f ifteentK  of  the  temperature  difference  between 
the  'conditioned  air  inside  the  duct  and  the  unconditioned  air 
in  the  attic  space.     See  Figure  3,  ",U  Values  for  Typical  .Wall 
and  Roof  Construction  (Roofs)." 
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Conscrucclon  ,  %  Resistance  (R) 

1.    Outside  surface  (IS  mph  wind)   0.17 

*2.    Built-up  roofing  (3/8)    0.33 

3.  Roof  insulation  (C  =.0.24)    4.17 

4.  Metal  deck  1)^06 

5.  Air  space    0.99 

6.  Metal  lath  and   

7.  3/4  in  pi  as.  (san  agg)    0.1-3 

8.  Inside  surface  (still  air)   .  0.92 

Total  resistance    6.71 

"    U  •  1/R  •  1/6.71   *..  0.15 

Construction^,  *  Resistance  (R) 

(Heat  flow  up)  ' 

1.  Outside  surface  (IS  aph  uind)    0.17 

2.  3uilt-up  roo:ing  (3/3  in)   *  >   0.3 

3.  Roof  insulation  (C  •  0.72)   '   1.3 

Plywood  deck  (5/8  in)   \   0.7/ 

Air  apace — m-.-i-.-n .   m-^ry-r-.- Ovf£ 


Gypsun  wallboard  (1/2  in)   0.45 

7.  Acoustical  tile  (1/2  in)  -  glued   1.25 

8.  Inside  surface  (still  air)    0.61 

^    Total  resistance    5.83 

Jv.  i/R  -  1/3.33    0.17 

Construction  (heat  flow  up)  Resistance  (R) 

^l.    Outside  surface  (15  oph  wind)    0.17 

2.    Built-up  roofing  -  3/3  in    0.33 

3ft  Ro<ff  insulation  (none)    — 

4.  Concrete  slab  (It  wt  agg)  (2  in)    2.22 

5.  'Corrugated  aetal   0 

6.  Air  space    0.35 

7.  Mecal  lath  and  3/4  in  plas.  (It  wt  agg)  ...  0.47 
d.    Inside  surface  (still  air)    0.61 

Total  resistance    4^.65 

u  «  i/R  -  i/4.o3  -    o.:: 

Construction  *  Resistance  (R) 

(Heat  flow  up) 

1.  Outside  surface  (15  aph  wind)  . ...»   0.17 

2.  Asphalt  shingle  roofing    0.4* 

3.  Building  paper   0.06 

4.  Plywood  deck  05/3  in)    0.73 

5.  Air  space    (3.5  in.  reflective  surface)  ...  I. Oh 

9.  Cypsua  wallboard  tl/^Lin)    O.-o 

7.    Inside  surface  Utill  lir)    3.62 

:     Vf  — 

Total  resistance   -».58 

■U  -  t/R  -  1/4.53    0.22 


Heated  room  below  unheated  apace 
Construction  these  flow  up)         „  Resistance 


1, 
2. 
3  A 
4 . 
5. 
6. 
7 . 
3. 


Top*  surface  (still  air)    0 

Linoleun  or  tile  (ave  R)    0 

Felt   0 

Plywood  (5/3  in)    0 

Wood  subfloor  (3/4  In)   0 

Air  space   0 

Metal  Tath  and  *U  In  plas  Ut  wt  agg)   ....  0 

Boftoo  surfar.e  (still  air)    0 


(R> 
.  6i 
.05 
.06 


94 
.35 


Total  resistance   r. .  7Wr. .......  r . .  -*.J7 


1/R  -  1/4. 


o.;j 


'Figure  3.     U  Values  for  Typical  Wall 
Roo^  Construction  (Roofs) - 
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Ffcoor  Insulation 

When  floors' over  unconditioned  spaces  (crawl  spaces, 
vented  and  unvented;  p,ipe  and  mechanical  spaces,  rough  stor- 
age spaces;  outdoor  spa'ces)  are  deemed  to  have  inadequate  re- 
sistance  to  heat  flow,  the  U  value  can  also  be  lowered  by  the 
addition  of  insulation  materials/   Types  of  treatment  vary 
with  accessibility.     Again,  treatments  include  sprayf applica- 
— H^ns  ajid-rigid  hoard  treatment.   s  


When  additional  insulation  is  required  for  floors  poured 
at  ground  level,  insulation  can  be  installed  as  an  exterior, 
perimeter  treatment.     (For  example,  Dow  styrofoam,'  fiberglass 
and  so  forth,,  might  be  applied.)     Insulation  board  can  be 
placed  against 'the  foundation.    All  on-grade  floor  insulation 
i"s  applied  £rom  the  tfbttom  of  the  exterior  wall  facing  down 
to  a  point  approximately  24  inches  below  grade.  ^ 


INTERNAL  HEAT  FLOW 

Buildings  are  often  very  complex  facilities  that  must 
house  many  functions.     As  a  result ,  buildings  are  often  zoned 
hrn-h  functionally  and  mechanically  into  a  number  of  related 


areas.     Occasionally,  the  temperature,  humidity,  and  air  move 
ment  requirements  of  these  zones  must  be  isolated  or  sepa- 
rated.    Sometimes  j'lthere  is  a  contrast  in  the  environments  of 
two  adjacent  areas  because  one  is  shut  off  momentarily  or  tern 
porarily.     Under  varying  conditions,  there  may  well  be  need 
for  ^energy  conservatlqn  measures  to«  control  air  leakage  or 
heat  flow  through  inadequate  barriers. 
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AIR.  LEAKAGE 

* 

Air  leakage  is  probably  the  most  serious  of  these  two 
types  x>i  heat-  gain  and  loss      and  probably  the  hardest  tp 
treat.     Besides  the  lealcs  around  door  cracks  and  electrical 
and  utility  boxes  in  walls,  there  are  ceiling  penetrations, 
intluding  recessed  lights  and  air  conditioning  grills,  which 
neeti  appropxiate  seals  in  certain  situations. 

Acoustical  tile  lay-in  ceilings  are  used  in  many  types 
—-of— pub-lie  -spaces  .in  buildings,  iflc^ud-inrg-corridors  within 
mechanically  zoned*areas.     These  ceilings  are  not  airtight 
and,  furthermore,  are  often  used  to  create  plenum  spaces  for 
return  air  .systems  with  open  grilies  for  airflow.**  They  may 
allow  considerable  heat  gains  through  internal  structure 
openings.     Such  openings  may  be  above  walls  that  stop  short 
of  the  structure  above  them;  or  they  may  be  uncaulked  pene- 
trations of  walls,  slabs,  shafts,  chases,  and  , so  forth,  for 
pipes,  duG-t-5^-  cbnduit ,  and  special  function  services. 

By  its  very  nature,  the  construction  of  a  building  must 
accommodate  many  mechanical  systems  and  services,  and  plenums 
shafts,  and  pipe  chases  must  be  used.    "Many  types  of  wall  pen 
etrations  and  openings  that  cannot  be  seen  above  ceiJLings  do 
occur . 

 ^-Th'ft  mechanical   -systems  engineer  fnr  the*  building  may  be 

the  first  to  suspect  energy  losses  through  hidden  paths  of 
internal  leakage;     they  may  even  be  causing  imbalances  in  the 
building's  systems.     Leakage  should  be  investigated  by  the 
systems  engineer  and  maintenance  -personnel  (both  on  a  suspi- 
cion basis  during  the  basic  energy  audit  of  the  building)  and 
treatment  should  be  performed  according  to  what  is  found.  < 

A 
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CONDUCTIVE  HEAT  FLOW 

Conductive  keat  fltfw  through  walls,  floors,  ceilings, 
and  internal  barriers,  will  be  of  concern  only  when  an  area 
is  much  hotter  or  mucji  colder  -than  the  adjacent  occupied 
space.     Such  conditions  should  be  anticipated  by  the  building 
staff,  especially  the  mechanical  systems  engineer  and  those 
rftspnn<Hhle  for  the  energy  management  program  for  the  facil- 


ity. They  should  be  able  to  plan  accordingly  considering 
the  installation  of  additional  insulation  treatment,  as  well 
as  control  of  air  leakage.  * 


CONCLUSIONS 


While  many  small  efforts  can  be  made  for  energy  conser- 
vation in  the  existing  building  envelope,  some  of  the  more 
complicated  measures  are  both  expensive  and  disruptive.  How- 
ever, treatment  should  hot  be  viewed  with  dismay.     Some  of 
the  expensive, 'disruptive  opportunities  for  energy  conserva-^, 
tion  can  be  carried  out  in  any  expansion  remodeling.     In  ad- 
dition,  the  experience  of  energy  audits  and  total  energy  man- 
agement can  make  a  major  impact  on  the.  planning  of  future 
facilities".  ~  "        '  ~~  —  


1  ~  f] 
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EXERCISES 


1.  What  are  the  major  areas  of  air  infiltration  and  exfil-  . 
tration  in  a  typical  building? 

2.  Given  identical  buildings  in  different  geographical  lo- 
cations, what  would  be  the  most  important  factor  in  de- 
termining which  building  energy  system  would  benefit 
more  from  a* reduction  of  air  infiltration/ exf iltrat ion? 

3.  There  are  many  ways  to  control  solar  heat  gain,  includ- 
~~        ing  reflective  polyester  films  that  are  applied  to  the 

1    inside  of  window  panes.    What  is  the  primary  factor  to 
consider  before  applying  these  relatively  permanent 
films? 

4.  Given  a  choice*  between  window*  units  of  1.1  U  value  and 
0.65  U  value,  which  should  be  installed?  Why? 

5.  Heating  degree-days   (HDD)  and  cooling  degree  days  (CDD) 
measure  the  severity  of  the  entire  season.    Which  cli- 
matic zone(s)  has  the  most  severe  winter?    Which  zone(s) 

Jias  the  most  severe  summer?    Which  season  varies  the 
lea|t  across  all  climatic  zones?     (See  Figure  1.) 

6.  '   Compute  the  U  value  for  a  wall  of  this  de'script ion : 

Construction  Resistance  "(R) 

Outside  .surface  (15  mph  wind)    .   0.17 

Face  brick  (6  in)    0.66  ^ 

 egmetrt-mort^   .-r-r-r-r-.  v  . ,  .——(^-2-0  


Concrete  block  (stone  agg)   (4  in)    0.71 

Air  space   0.85 

'Gypsum  wallboafd  (1/2  in)   /  —0*50 

Inside  surface  (still  air)   ......   0.68 

7.      What  is  the  R  value  of  a  roof  with  a  U  value  of  0.30? 

157 
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TEST 


In  the  blank?  beside  each*of  the  following  questions, 
enter  true  or  fals\ 


1. 


2. 


Environmental  iones  are . determined  by  th^  severity  of 
an  entire  seasoi   

by  wind, 


\oyed 


V 


When  a  window's  e\xterior  £ir  film  is  dest 
its  U  value  decreases,   

Mean  radiant  temperature  can  t?e  improved  by\  providing 

internal  window  coveVii^gs,  _j  

A  roof  with  a  totaFTTS^maX-^^ 
U  value  of  0,145,  

Radiation  is  the  first  priority  in  determining  How  to 
reduce  heat  gain  through  windows ^ 

Exterior  shading  is  most  effective  when  added  to  western 
and  southern  exposures, 

Seating  degree  days  for  an  area  with  a  mean  dai^y  tem- 
perature of  62°F  would  be  0.33v  degree  days. 
If  the  difference -between  the  temperature  of  air\inside 
a  duct  and  the  temperature  of  thb  unconditioned  aUr  in 
Athe  attic  space  is  23°F,  there,  should  be  roughly  \.S 
inches  of  ductr  insulation. 

Reflective  polyester  films  should  be\applied  to^  the 
outer  surface  of  the'inner  glazing  of\double  glazed^ 
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10. 


Match  the  terms  in  Column  A  with  the  appropriate  energy 
conservation  opportunity  (ECO)  in  Column  B.    .Place  the 
letter  of  the  answer  beside  the  corresponding  term. 
(Ea^ch  term  may  apply  to  more  than  one  ECO.) 


Column  A 

Wind  pressure 
Orientation 
Fixed  systems 
Environmental 

JL_value_  


a. 


b. 


zones 


Stack  effect 

iTnconditioned  space  d,^ 
Heating  degree  days 
U  value 

Double  glazing,,  e. 
Closed  cell  foam 
Air  leakage 


Column  B 

Reduction  of  infiltra- 
tion and'  exfiltration 
Reduction  of  solar  heat 
gain  through  windows 
-Reduction  of  heat  loss 
through  windows 
Reduction  of  heat  gain 
and  loss  through  walls, 
roof,  floors,  and  slabs 
Reduction  of  internal 
heat  transfer 
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INTRODUCTION 


Module  EA-0,5,  "Lighting  Systems,"  analyzes  lighting  in 
terms  of  (1)  the  distinct  lighting  system  and  (2)  the  light- 
ing system  as  it  interrelates  with  other  energy  use  systems 
of  a  building.    JThe  lighting  system  discussion  covers  lamp 
efficiency,  guidelines  for  efficiency  in  fixture  replacement 
and  system  modification,  and  information  on  color  rendering. 
Discussion  of  the  lighting  system's  impact  on  crther  energy  ^ 
use  systems  includes  material  on  usage  pattern  modifications, 
recommended  illumination"  standards  ,  and  ""nonuniform'-  or^tasT~- 
illumination.     The  latter  portion  of  this  module  summarizes 
opportunities  for  conserving  energy  in  lighting  systems/ 
Sample  lighting  systems1  energy  savings  calculations  are  in- 
cluded in  the  exercises. 


PREREQUISITES 


The  student  should  have  completed  Module  EA-04,  "Building 
Systems." 

/  OBJECTIVES 


•  Upon  completion  of  this  module,  the  student  should  be 

able  to:  ^  • 

1.      'Discuss  us^ge  pattern  modif itat ions  and  methods  for  de- 
termining ttfeir  applicability  to  particular  buildings. 

3.  List  major  lamp,  types  and  rank  them  in  terms  of  lumens 
per  watt.  - 

4.  Explain  the  impact  of  nonuniform  illumination  on  the 
building  energy  system. 
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Define  the  Color  Rendering  Index  and  explain  its  use  in. 
energy-efficient  lighting  system  modification/design.  • 
Calculate  lighting  energy  use  and  costs  and  determine  . 
potential  cost  savings  for  various  lighting  .systems  and 
modifications t>  • 


s 


SUBJECT  MATTER 


3> 


RIGHTING' SYSTEMS:  MODIFICATIONS  .AND  REQUIREMENTS 


Because  rhe  lighting  systems  of  many  existing  buildings 
were  designed  within  the  restrictions  of  initial  cost  e'cono-, 
mies-  without  knowledge  about  final  space  use  and  subdivi- 

•sion,  and  without  benefit  o;f  rela^ively>*recent  developments 
^nd  research  findings  in  the  field  -  there  is  a  significant 
potential  for  ligfrtiog.  system  modification. 

These  modifications  can  reduce  substantially  the  energy 

'consumed *by  the  lighting  system  (and  associated  costs)  and, 
at  'the  same  time*,  provide  occupants  with  the  quality  and  # 
quantity  of  illumination  required  to  perform  various  tasks 
and  functions       , •  „ 

'  ,  Before  undertaking  any  change,  one. must  recognize  that 

•a  lighting • system  is  just  that  -  a  system.     Its  elements  are 
interrelated, ' just  as  tfce  lighting  system  itself  is  inter- 
related  with  otjier  systems  in  the  building;    Wftile  energy 
can  be  conserved  by  pr.operly  removing  lamps  and  luminaries, 
action  should  be  taken  onJLy  after  the  entire  system  has>  be,en 
analysed  and  all  options  evaluated. 

•  Although  conservation  of  energy  is  important,  it^fiust 
%be  achieved  in/d  manner  consistent  .with  other  requf r&iirents . 
Other  requirements  include  productivity  and  vistfai  comfort;-- 
aesthetics;  federal,  state/ and  local  codes'- aijtd  ordinancysr 
an£  so  fojth.  * 

Moreover,  ' it  is  important  to  recognize  th^t^aj or  alter 
ations  to  a  lighting  system  can  have  a  significant  ^impact  / 
on  heating  and  cooling  systems;  these  systems  consider  the  ' 
amount  of  heat  given  off  by  the  lighting  system  as  origi- 
nally designed.     For  trhe^e  reasons-/  it  is  mandatory  that  com 
petertt  technical'assistance  be  obtained  before  significant 
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modifications  are  undertaken.    Modifications  should  b.e  made 
only  after. (L)  analyzing  the  building's  illumination  needs;' 
(2>)  compiling  information  about  the  lighting  system  that  cur- 
rently exists;  and  (3)  considering  the  many  options  that  can 
be  utilized,  k  \  ,  * 

%  m  The  following  material  discusses  the  components  of  light 

ing  systems  and  highlights  many  of  tjxe  actions  that  can  be 
taken  to  implement  an  effective  program  of  lighting  energy 
.management'. 

\  , 

LAMP  TYPES  " 

There  are  three  general  types  of  electric  light  sources: 
,  (1)  incandescent  lamps,   (2)  fluorescent  lamps,  and  (3)  high- 
intensity  discharge  lamps.     These  are  shown  in  Figures  1-4, 
-    Table  1  ranks  lamp  types  by  amount  of  Light  (lumens)  per  unit 
of  energy  (watt)..  -  > 
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GAS- FILLED  BULB 
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Figure  1.     Steps  in  the  Manufacture  of  a  Typical 
Incandescent  Filament  Lamp. 


TUBE  CONTAINS  RARE  GAS        CATHODE  COATED  WITH  ' 
AND  MERCURY  VAPOR       ELECTRON-EMISSIVE  MATERIAL 


BASE  CEMENT 
BASE  PINS 


MERCURY 


INSIDE  OF  TUBE  COATED '  WITH  f^ggs^TUBE^" 


FLUORESCENT  PHOSPHORS 
a.  Hbt-Cathode  (Filamentary*  Preheat- Star  ting 


b.  Hot-Cathode  (Filamentary)  instant-Starting 


c.  Cold-Cathode  (  Cylindrical),  Instant-Starting 


Figure  2.     Cutaway  View  of  Fluoresent  Lamps 
Showing  Typical  Electrodes v 
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CALCIUM 
ALUM  I  NATE 

♦  SILICA 

SODIUM 

♦  MERCURY 


POLYCRYSTALUNE 
ALUMINA 


NIOBIUM 
(COLUM8IUM) 


NICKEL 


BARIUM 
ALUMINUM 


STAINLESS 
STEEL 


STEEL-NICKEL 
PLATED 


.TUNGSTEN, 


TITANIUM 
TAKTALUAjJ 


Figure  3.  r  Construction  of 'a  Typical  High^- Pressure 
1      Sodiu/n  Lamp . 


SUPPORT 
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STARTING 
ELEGTROOE 


OPERATING 
ELECTROOES 


ARC  TUBE 

INSCE 
PHOSPHOR 
COATING 


OUTER 
BULB 


Figure  4.    A  400-Watt  Phosphor-Coated  Mercury  Lamp, 
Lamps  of  Other  Sizes  are  Constructed  Similarly. 
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TABLE  1.     LUMENS.  PER  WATT  FOR  DIFFERENT  LAMP  TYPES 
(Including  Ballast).* 


Type- 

<J  1 J l  CL  A.  -L  X. 

Sizps 

Middle 
Sizes 

Larger 
Sizes 

High-pressure  sodium 

84 

105 

126 

\fp  1*  a  1     ha  1  i  Hp 

1V1C  Lai     i  1  ct  X  JL  U.  C 

6  7 

75 

93 

Fluorescent 

66  • 

.  70 

74  ' 

Mercury 

•  44 

51 

57 

Incandescent 

17 

22 

24 

*Ballasts  add  at  least 
bulbs. 

15-20T  to  the 

rated  energy  usage  of 

t  € 

s 

<• 

This  ranking, "of  course,  is  only  general.     There  is  - 
overlapping  of  efficiencies  between  lamp  types  -  and  even 
within  a  lamp  type  -^of  different  w&tJtages  ,  life  ratings, 
and  so  £or,th.    AlSo,  there  are  limitations  on  the  suitabil-  \ 
ity  of  some  lamps  for  a  specific  application. 

Selection  of  the  most  efficient ' lamp  must  be  evaluated 

on  the  basis  of  the  specific  application  and  the  performance 

characteristics  of  the  individual • lamps  being  considered. 

r 

Changing  from  incandescent  to.  a  more  efficient  light  source 
can  give  paybacks  in  as  little  as  one  to  two  years,  depending 
on  local  energy  costs. 

" .  i  •  •  ■ 

INCANDESCENT  LAMPS 

Incandescent  lamps,  the,  most  common  light  sources  in 
general  use,  are  lamps  in  which  light  is  produced  by  a  fila- 
ment " (usually  tungsten)  heated  to  incandescence  by  an  electric 
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current.     As  a  general  rule,  there  is  an  increase  in  effi- 
ciency with  increased  incandescent  bulb  wattage,  For~example, 
-    a. typical  60-watt  bulb  produces  15  lumens  per  watt;  a  typical 
100-watt  bulb  produces  18  lumens  per  watt.    Thus,  it  is  fre- 
quently  possible  to  replace  two  bulbs  of  lower  wattage  with 
one  of  higher  wattage  and  achieve  the  same  light  output  for 
less  energy  consumption. 

As  the  tungsten  filament  incandesces,  molecules  of  the 
metal  burn  off  and  coat  the  inside  of  the  bulb,  causing  dark- 
ening*    Over  the  life  of  the  lam$ ,  this  darkening  can  cause 
a  light  output  depreciation  of  201, 

Long-life  bulbs  are  usually  the  least  efficient  incandes- 
cent lamps.     Therefore,  long-life  bulbs  should  be  used  only 
in  applications  where  lamp  ch'angjLng  is  inconvenient  or  danger- 
ous or  when  lighting  requirements  are  very  low. 

Three  types  of  incandescent  lamps  are  suited  to  special 
applications:     reflector  lamps  (R-rlamps),  parabolic  aluminized 
reflector  (PA#)   lamps,  and  ellipsoidal  reflector  (ER)  lamps, 

R-Lamps 

> 

R-lamps  have,  anTTnterior  aluminum  coating  to  direct  light 
output.     They, are  well-suited  for  recessed  or  directional  fix- 
tures aijd  task  lighting.     In  these  applications,  a  50-watt 
R-lamp  puts  as  much  light. on  the  task  as  would  a  100-watt 
standard  bulb,  , 


Page  tyEA-05* 


160  ■ 


PAR  Lamps 


s/ 


PAR  lamps  have  a  heavy  lens  and  an  aluminized  reflector. 
PAR  lamps  are  suitable  for  outdoor  applications  and  have  a 
longer  life  and  lowe*  lighting  output  depreciation  than  stan- 
dard bulbs. 


ER  Lamps 

ER  lamps  have  lenses  that'  focus  the  light' beam  two  inches 
ahead,  o-f  the  lamp,    for  this  reason,  lER  lamps  are  well-suited  \^ 
to  applications  in  recessed  .fixtures . 


FLUORESCENT  LAMPS 


Unlike  incandescent  lamps , .fluorescent  lamps  do  not 
depend  on  heat  for  light  production.     Rather,  fluorescent 
lamps  are  low-pressure  mercury,  electric -discharge  lamps  in 
which  a  fluorescing ^coatin^6  (phosphor)  transforms  some  of  the 
ultraviolet  energy  generated  by  the  discharge  into  light. 
Fluorescent  lamps  are  inherently  mo ye  efficient  (more  lumens* 
per  watt)  than  incandescent  lamps,  and,  as  a  general  rule, 
.fluorescent  lamp  efficiency  increases  as  the  length  of  the 
tube  increases. 
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HIGH  INTENSITY  DISCHARGE  (HID)  LAMPS 


Light  is.  produced  in  HO  lamps  by  the  passage  of  elec- 
tric current  through  a  vapori  or  a  gas,    HID  lamps  are  the 
most  efficient  electric  lighft  sources  and  are  well-suited  to, 
the  high  wattage  requirements  and  long  hours  'of  outdoor  appli 
cat'ions.*  There  are  drawbacks  to  HID  lamps,  however.;,  they 
have  poor  color  rendition  ajid^there  is  a  startup  delay  of  one 
to-seven ^minutes .     To  compare  the  performance  of  discharge 
lamps,  see  Table  2.     Table -3,  "Color  Rendering  Jndex  (CRI),M 
compares  specific  light  sources-  to  natural  light..   The  higher 
the  CRI ,  the  more  closely  the  light  source  simulates  natural 
light. 


JMJJ.JL_JLQ^  TYPICAL  DISCHARGE  LAMP  PERFORMANCE. 


Lamp "Type 

Initial**- 

End  of  Life* 

Lumens 

Lumens  Per  Watt 

Lumens 

4 

Lumens 
Per  Watt 

Rated 
Average 
Life** 

Lamp 

Lamp/Ballast 

Low-Pressure    •    180  W 
Sodium  , 

33,000 

ISO 

150 

53,000 

117 

18,000 

High-Pressure      400  W 
SodiUm 

50,000 

125 

106 

35,000 

"  76 

'  t 

24,000 

Super  Metalarc    40O  W 

40,000 

100 

88 

27%,2  0(Jl 

&0 

IS.,000 

Metalarc     .    400  W 
.  (Metal  Halide)  '  * 

 X  

34,00(V 

85 
.    t  4 

75 

• 

» 

22,  SO/ 

50 

^),000 

Mercury               400  W 

23,000 

* 

51 

15,700 

 ^  

'  35 

24,000 

i 

Fluorescent*        2/215  W 
'    VHO  1 

^2,000 

f7<4 

71  " 

21,760 

48 

15,000 
* 

*  Includes  ballot  losses*                            t                        c          .   _  ,  . 
**  Operated  on  10-hour  burning  cycle.                         .           Source^  Sylvaiua 

i                          .  i — ^ — 2  La 
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TABLE  3.     COLOR  RENDERING  INDEX"  (CRI)  . 


Lamp  Type 

CRI 

Natural  Light 

100 

Incandescent 

97 

Fluorescent 

Cool  White  !_ 

67 

.  f      Deluxe  Cool  White 

86-?9 

Warm  White 

56 

Warm  White  Delude 

'T  71 

•Daylite 

75 

Vit'a-Lite 

91  v 

Ultralume  "  * 

85 

Energy  •'Efficient  _ 

I/ite-White  "   

.  48 

Icoi^-O^Vhite 

51 

Mercury 

22-52 

Metal  Halide 

%  65-70 

High-Pressure,.  Sodium 

20 

Low-Pressure  Sodium 

0 

There  are  three  common  types  of  HID  lamps:  mercury, 
metal*  hal-ide,  and.  high-pressure  sodium. 
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Mercury  Lamps 


Mercury  ^amps  are  the  most  common  HID  lamps.     They  have 
a  long  life  and  comparatively  low  installation  cost,  and  they 
produce  -twice  as  much'  light  pe^  watt  as  incandescent  lamp^s  . 
While  the  clear  mercury  lamps  give  poor  color  rendition  (blue 
is  accentuated)",  color-corrected  mercury  lamp's  ate  available. 


\ 


Metal  Halide  Lamps 


Metal  .halide  lamps  are  more  efficient  tha'n  mercury  lamps 
and  give  better  color  rendition.     Sinte  t-he  lowest  wattage 
available  in  metal  halide  lamps  is  175,  they  are  not  commonly 
used  in  residential  applications. 


Sodium  Lamps 


Next  to  low-pressure  sodium  lamps  (which  are  not"widely;~  0 
used  because  of  their  poor  color-rendering  charactep^st ics )  , 
high-pressure  sodium  lamps  are  the  most  energy-efficient  elec- 
tric, light  sources.     The  lowest  wattage  available  in  high- 
pressure  sodium  lamps  fis  70',  which  is  too  bright  for  inx^erior 
residential  application.    Their  light  is  a"  gold-whi^e  that 
dulls  the  color  of  *eds  and  blues. 


\ 
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ENERGYA CONSERVATION  OPPORTUNITIES 


Energy  conservation  opportunities  include  usage  pattern 

modifications,  work  station  modifications,  maintenance  con- 

siderations,  illumination  level  modifications,  control  modi- 
>4  *  ♦  \  • 

fications,  and  heat-o-f -\Light  recovery  systems. 


•    USAGE  PATTERN  MOqiFIGATIONS 


An  excellent  initial  Atep  for  a  program  of  lighting  man- 
agement is  to  modify  usage  patterns  .based  on  factors  identi- 
fied during . the  building  energy  audit.     Changes  made  to  the 
building  system  often  mean  that  lighting  usage  patterns  must 
-be. changed  to  correspond  to  modifications;  but,  for  the  raost  - 
part,  modifications  are  relatively  simple  once  initial  steps 
fr&ve  been  undertaken. 

"An  effective  lighting  usage\program  depends  on  a  planned 
program* to  turn  lfghts  ON  when  ana  where  they  are  needed. 
,The  major  advantages  of  such  a  prograjn  are  that  (1)  lighting 
;an  be  tailored  to  the  individual  character i-stics  of  the 
Space  and  needs  of  its  "occupants ,  and  (2)  such  programs  can 
ibeVimplemented  relatively  inexpensively  and  quickly.     The  key 
\eleWnt  fo£  a  lighting  usage  program  is  a  lighting  -schedule- 
*ela\ed  to  the  occupants1  us.age  pattern-     Personnel  should  be 
issi'gn^iL  trained,  and  made  responsible  for  the  efficient* 
itiliz^^Lm  bf  lighting  by  means  of  established  schedules  to 
.cpntto^^ghting.  •  - 


9 
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Program  Considerations  . - 

e 

>  The  exact  nature  o£  occupancy  *for  each  period  o£  time 
should  be  defined.  k  Then,  the  amount  o£  lighting  needed  for 
s'afety  and  security  purposes *must  be  determined.     Based  on 
this  information,"  detailed  ins tructions/and  training  for  sys- 
tern  operation  should  be  provided  to 'appropriate  employees. 
Information  can  be  communicated  by  charts,  posting  o£*  instruc 
tions,  and/or  color-coding  Switches/  Training  should  assure 
that  the  employees  who  control  Lighting  use  understand  proper 
procedures  so  that  they  can  comply  with  them. 


•  *       *  • 
program  Options  A  * 

<A  ' 

v  I  9 

*  *  TJie  following  options  should  be  considered  part  of  the 
^overall  program:  - 

•  Campaign  ^or  better  utilization  by7 using  letters, 
majnos,  signs,  an,d  personal  contact  to  encourage 
occupants  -  es*p^ecialiy  custodial  personnels  to  ^ 
use  lighting  only4  when  it  is  needed,-  to  use  only  u, 

-  the  amount  of  lighting  required and'  to  turn  OFF  V  . 
lights  whenever  they  are  not  being  used,  >  . 

•  Post  small  signs  or  charts  near  each  panel  to 
identify,  which  lighting  is  controlled  by  the, 
switches. or  circuit  breakers  involved,  #  This  '  • 
enables  the  user  to  be  more  selective  while 
als&  reducing,  trial  and  erijor;  whicfr  can  con- 

sume'  significant  Amounts  of  energy"  when  banks  '\ 
of  lights  are -quickly  activated  and*dpactivated,  '     *  • 
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WORK* STATION  MODIFICATIONS  '  , 

Work  stations  can  be  relocated  to  take  maximum  advantage 
*  *  •  J* 

o£  tjie  lighting,  system  that  exists,  or  to  supplement  or  effect 

changes  to  other  elements  of  the  system.     Typical  modifica- 
tions to  work  station'  locations  are  as  follows:  ^ 

>-  •  Desks,  and  other  work  j^urfaces  should  be  moved 'to  a 
position  2nd  ^orientation  that  will  use  installed 
^luminaries  to  their  greatest  advantage  (instead- of  / 
moving  luminaries) . 

To  the  extent  permitted  by  productivity  require-  , 
^ments  and* related  concerns,  tasks  that  require 
approximately -the  same  levels  of  illumination 
should*  be  grouped,  together.     This  mdy  reduce  the  , 
number  of  areas  requiring  higher  illumination 
levels  and  provide  an  opportunity  to  recluce  the/7  ^ 
total  amount,  of  lighting  needed..  . 

Work  stations  ^requiring  the  highest  illumination 
levelsj^hould  be  Seated  nearest- the  windows. 
(Note.:°  Utilization  of  natural  light  will/ have 
an^lmpacfc  on,  heat  gain,  requiring  that  £he  heat 
gain/light  gain  trade-off  be  given  cai^fuli  con^ 
sideration.     In  many  cases,  glazing  can  be  mod-" 
ifiefd  to  limit  heat  gain,  while  sti/1  permitting  ' 
entry  of  a  significant ^amount  of  1/ight.)     To  re- 
duce gl'^e,  rearrange  work  surfaces  so  that  side- 
w^all-  daySighting  crosses  the  task  perpendicular 
to  the  lin6  of  Vision.  c^Jj 


MAINTENANCE  CONSIDERATIONS 

x     Proper  maintenance^ of  lighting  system  components  serves 
to. keep  the'#systejii  running  at  peak  efficiency.     This  not  only 
cori'serves  "energy  and  energy  costs,  but  also  helps  maintain  ^ 
quality*  illumirtation^nd  extends  lamp  and  luminaire  lifev 
The  following  maintenance  considerations^  should  be  reviewed. 
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•  Lamp  efficiency  deteriorates  over  the  life  of  a  ■ 
JLamp.     Auditors  and/or  maintenance  p^rsoujiel  ^should^) 
check  light  output  regularly  with  a^xalibrated 
light  meter.    When  the  light 'output  of  ,a  group* of 

\lamps  has  fallen  to  'approximately  70%  of  °the  origl- 
'  •  nal  light,  output ,  all  fixtures  'in  thegroup  ^hould 
be  rel^mped'.at  the^  same  time*  .  This  is- also  a  good 
time  to  determine  whether  a  mpfe  'efficient  or  lower- 
wattage  lamp  is  ^suitable.  ,  ^ 

^Lamps  should  he  wiped  clean  *at  regular  intervals 

•  ^to  assure  maximum  'efjf ici^ficy .     Lamps  that  are 

exposed  to  £n  atmosphere  wijh  substantial*  amounts* 
of  dirt,  grease,  or  other  contamin'arrts '  shcAild'-be 
cleaned  more  frequently  than  lamps  in  "a  relativgly^) 
alean  atmosphere*. 

•  Luminaire'  efficiency  can  fye  maintained  by  gfroger^y  - 
c   cleaning  thS  reflecting  surfaces  and  shielding  ijie-  , 

dia.     Lens  shieldiifg  that  has  yellowed  or  weakened 
should  be  Ve&laced  -with  £  clear  kaery*lic  le*ns  that 
has  good  rionyellowing  properties.     Kor"  some  appli- 
cations,, a  ^clear  .glass  lens  can 'be  considered  if  ~, 
,  i-.t  is  compatible  with  the  luminaire'  and  does  not  0  ' 
present  ao  safety  hazard.     (Caution- should  be  takeju 
'    to  assuse'that  an  existing  luminaire  w£ll  -safely, 
slipport:  and  hold  tke  £lass  Tens.) 

*  :       %        ,  *     s  • 

•  Ceilings,  walls,  and  floor§  Should  be  cleaned  fre- 
quently to, improve  their  reflective  qualities. 
When  dayli'ghtois  used,  windows  should^  be  washed*  v 
frequently  to  maintain  illumination  levels  on,  tasks 

^  that  require  some  hatural  illumination.* 

•  Light  reflective;  non-glossy,  colors  on  walls  and 
ceilings  will  niake^more  efficient 'use  of  existing  *• 
illumination  andjiake  work  "areas  seemrllghter  to 

9  occupants.  ^ 


a 


■  i 


\ 


r  °» 


Bage'16/EA-?^ 


1 7> 


ILLUMINATION  LEVEL  MODIFICATIONS    •  *  •  / 

While *Xt  is  commonly  understood  that*  different  vistfal 
^tasks'  require  different  leVels  of  illumination,  the  interiors 
of  many  buil'dingVjDrovi'de  only  uniform  illumination  levels. 
-These  uniform  levels  have  little  .relationship  to  the  amount 
oft  illumination  required  in  specific  areas. 

There  aVe  usually  several  levels,  of  illumination  re- 
quired within' any  building.     These  levels  canhfe,  separated 
into  three  general  categories  :%  specific^  task  lighting gen5- 
eral  lighting  around  taslcs,..and  general  flighting  for  circula- 
tion or  support  areas. 

During  a  building1' s  original  design,  the  lighting  de- 
signer -  frequently  cannot  define  the  nature  or  ^gcation  of 
specific  tasks-  or  task  areas."  The  designer's  problem' is 
oft  on  rnfflppii-n^Pd  hy  1  arV  "nj  knotol  edge '  about  final  partition 
locations,  fioor,  and  wall  finishes  -  all  of  which,  ferte • an 
impact  on  the  final  illumination  results. 

After  a  building  or  ^space  is  completely  definecl  or  oc- 
cupied, there *are  usually  opportunities  to  adjust'  illumina-j  . 
tion  levels  to  improve  utilization  and  efficiency/    If  the 
wiring  and  lighting  system  i's  flexibly  enough  to  allow  for 
relocating  Tumi-naireS ,  then^  individual  lamps  or  groups  of 


lamps  can  be  switched  together,  to'- control  right '       specif  i-  . 
cally  defined  a>reas;  such  adjustments  can  be;  made  quickly  arid 
inexpensively.     In  builcjings,  without  such  flexibility  ,l  Jit  *may 
be  necessary  to 'add  switching ,*  remove  lamps,  or  disconnect  or 
add  lighting  systems -in  orcjex  to  provide  proper  illumination 
for' -individual  talk's  and  still  accomplish  the. desired  energy 
reduction. 


««  « 
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In  general  administrative  areas,  nonuniform  lighting 
systems  can  be  applied  when  the  average  work  station  size  is 
less  than  one  worker  per  50-70  square  feet*     If  work  stations 
are  larger/  a  uniform  lighting  system  is  generally  more  prac- 
tical.    Nonuniform  lighting  applications  can  also  save-  energy 
in. large  private  office  areas,     Since'usage  usually  changes 
several  times  over  the  life  of  a  building,  special  considerar 
t^jLon  should  be  given  to  providing  flexibility '  in  the  lighting 
and /control  systems.   --The-  energy  auditor  3  hou  ld—be- able  to  \* 
recommend  lighting  system, mptfif ications  an  thevbasis  of  in^v^ 
formation  supplied  in  illumination  standards  (see  Appendix) . 


Reducing 'Lighting  Levels  1 

Of  various  illumination  level  standards,  one  published 
by  thp*U.S:.  Department  of  Energy,  in  "Lighting  and  Thermal- 
Operations  Guidelines,"  is  considered  tlje  mdst  appropriate 
for  office  work  (see  Table  4).     The  principal  feature  of  the 
standard  is  the ^promotion  of '  nonuniform  illumination.  Only 
the  vtask  has  -  full  illumination  and  the  lighting  in  the  sur- 
rounding .areas .  can  and  should  be  reduced.     Tasks  that  are 
somewhat  more  difficult  visually,  but  of  short  duration,  can 
us^lrt^  This  i*s 


accomplished  by  moving  the*  eyes  and  task  closer  together*,, 
•rather  than  by  increasing*  the  illumination  level* 

In  addition,  one  required  program  measure  in  all  state 
energy  conservation^  plans  is  a  thermal  and  lighting  staiid^rd 
for  new  buildings.     TheSe  standards  prescribe ' lighting  levels 
by  building  type  (e,g,,  retail,  health  care,. and  local  govern 
ment) .     These  standards  are  frequently  calculated  in  \^atts 
per  square  f oots  for  *th,e  entire  building  ^ 

'  ■■  ■ .." .-.  ■ '  • 

Pagerl8/EA-05   '  '        *  :  * 


■]■■■■      '.  .173 


TABLE  4.     RECOMMENDED,  MAXIMUM  LIGHTING  LEVELS, 


Task  or  Area  • 
i  :  d  

Foot^andle  Levels 

How  Measured 

Hallways  or  corridors 

10  ±  5 

Measured  average., 
•^ninijnum*  J.  footcandle. 

Work  and  circulation  areas 
surrounding  work  stations.  - 

\ 

30  t  5 

Measured  average. 

Normal  office  work,  such  as 
reading  an4  Writing  (on  task 
only)*.  s£orc  shelves*  and 
general  display  areas 

50  ±  10 

Measured  at  work  station. 

Prolonged  orff ice  work  that  f  i' 
is  sbmeWhat  difficult  vis- 
ually (cm.  task  only) 

'   *7  5  ±-15 

V 

Measured  aX  work  station. 

Prolonged  office  work  that 

visually  difficult  and 
critical  in  nature  (on  task 
only)'  ^ 

•  ^00  ±  20 

• 

Measured  at  work  station. 

Lamp  Modifications 


^:  Lamp  modiflcatioji  can  takV  many  forms.  Modifications  - 
can  in\blve  elimination  of  lamp's,,  using  lamps  of  lower  watt- 
age, and  changing  the  type  of  lamp  involved  (which  would 

The  energy 


/ 


imply,  in  most  causes-,  a  change  of  luminaire)  • 

*  auditor  should  consider* the  following: 

•-  Unnecessary  lamps  sllqiSld.be  .removed,  if  removal  will  ^ 
still  provide  required rx-Humlhart ion  levels,  .  When 
lamps  are  removed  from  a  fluorescent  luminaire',-'  all^ 
lamps  controlled  by  a  given  ballast  should  be  dis- 
connected; otherwise,  ballast  failure  or  reduced  "lamp 
light  will  result*   " Except  in  the  case  of  instant- 
*    -   start  lamps,  ox- luminaires  with  circuit- interrupting 
landholders ,  ballasts  shtfuld'  also  be  disconnected; 
4   otherwise,  th^y  will  continue  to'consume  energy* 

. .  \  Consideration  should  be  given  to  replacing  present 
lamps  with  those  of  ioweit  wattage  that  provide  the 
.  same  amount  of  illumination  or *a  lower  level ~6f. 
illumination  (if  acceptable  flight  of  tasks^in-  ' 
5         volyed)  \;  •     •    »  .  ,  ^         "    *       \  *  >  'l 
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(Changing^ the  lens  or  lowering  the  luminaire  often 
can  help  facilitate  this' option* )     This  method  is 
particularly  applicable  where  cur.rent  lighting 
levels  are  higher  than  recommended,  or  wh^ere  uni- 
form lighting1  is  most  practical  Aue  to  occupant 
density*     This  is  aLso  a  simple  way  to  provide 
flexibility  should  higher  levels  of  illumination  * 
be  'required  at  some  future  time';     (Note;     New  lamps 
must,  be  compatible  for'use  with  existing  ballasts, 
in  fluorescent  and  HID  luminaires.) 

Generally,  /amps  should  be  selected  that  are  the 
most  efficient  (produce  the  most, lumens  per  watt)  >  *  * 

and  are  compatible  with  the  application.  Compat- 
ibility with  the  luminaire\,  of  course,  also  is 
essential.     If  some  luminaire  replacement  is  to 
be  undertaken,  the  type  of  lamp  involved «also  \j 
should  be  cons ideredT.     (Table  1  showed  the  effi- 
ciencies* of  various  lamp  types.).     %  v  9 


Y 


•  Where  possible,  a  single,  larger  incandescent  lamp 
should  be  used  rather  than'  two  or  more  smafTler 
lamps.     Higher-wattage;  general  service  incandes- 
cent lamps  ar?  more  efficient  than  lower-wattage 
lamps. 

•  Multi-heSfed  lamps  should  be  avoided.     The  efficiency 
of  a  single-wattage  lamp  is  higher  per  watt  than  a 
multi-le^el  lamp.  - 

•  <* 

•  Extended  service  ^amps  should  be  used,  except  in  *• 
special  cases  like  recessed  directional  lights,  u* 
where  short  lamp  life  is  a  problem. 

v  When  relamping,  tfie  replacement  of  40-watt  fluo- 
rescent lamps  with  ^35 -wat  tramps  will  achieve  a* 
reduction  in  lighting  level^of  approximately i18% , 
and  safe  20%  in  fixture  electrical  energy. 

•  When  retrof itting^,  the  use  of  higher  power  factor 
m ballasts  should_be  considered.     High-ef f iciency 

Sallasts  consume  only  half  the  energy  of  conven- 
tional fluorescent  ballasts  and,  thus,  dissipate 
less  heat  into  the  environment  and  have  a  longer 
useful  life.  %  ^   
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Luminaire  Modifications. 

Luminaire  efficiency  is  measured  by  tTie  coefficient  of 
utilization*     While  efficiency  is  an  important  consideration 
in  luminaire  selection,  one  also  must  consider  visual  comfort. 
The  following  guidelines  are  provided  for  the  three  general 
types  of  applications;, 

•  For  tasks* where  veiling  reflect ions' are  a  critical 
factor  and  visual  comfort  is  important,  the  lumi- 
naire can  have  a  coefficient  of  utilization 'of 
0.55  or  higher,,   It  also  should  have  high  visual 
comfort. 

♦  For  Spaces  where  Veiling  reflections  are  not  a 
.critical  factor,  but  where  visual  comfort  is  still  - 

a  factor,  the  luminaire  can  have  a  coefficient  !of 
*  -     utilization  of  0.63  or  higher,  and  medium  to  high 

Visual  comfort*  * 
*  - 

.•  Fox  spaces  "that  do  not  involve  critical  visual 
tksks ,  and  where  visual  comfort  is  not  *a  factor, 
the  luminaire  can  have  a. coefficient  of  utiliza:       ;  ■ 
tion  o°f  0.70  or  higher  ai>d  low  visual*  comfort. 

More  specific  information  Regarding  coefficients  of 
utilisation  and  visual  comfort,  can" be  obtained  from  the 
Illuminating  Engineering  Society  Lighting  Handbook  arid  from 
manufacturers'  data  for  specific  luminaires. 

Some  possible  modifications  to  luminaires-  include  the 
following: 


If  existing  lighting  causes  veiling  reflections  and 
it  is  impractical  to  relocate  a  work  station,  Tumi- 
fiaires  can  be  relocated  to  provide  light*  at  an  angle 
to. the  task.  * 

Outdated  or  damaged  luminaires  should  be  replaced 
wrtlrmodern"  luminaires  that  are'  easily  cleaned, 
easily  maintained  and'  that  use  lamps  with,  higher 
efficiencies . 


J 
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•  In  multiple-purpose  spaces  that  require  more"  than 
"one  level  of  illumination,  the  installation  of 

fluorescent  luminaires  with  multiple-level  bal- 
lasts —  or  the  xaddition  of  solicl-state  dimming 
controls  for  incandescent  luminaires      ca*n  reduce 
the  amount  of  energy  necessary  for  lighting. 

•  Luminaires  can  be  lowered.     This  will  provide  rec- 
ommended illumination  levels, on  the  task- area  at 
reduced  wattage.    *  ■ 

•  Where  appropriate,  lenses  should  be  installed  to 
provide  special  light  distribution  patterns  to 
increase  lighting  effectiveness.     For  example, 
linear  batwing,  radiStl  batwing,  parabolic  louvers, 
or  polarizing  lenses  ma^provide  better  visibility 
with  th6  same  (or  even  reduced)  wattafeS^It.  is 
sugg'estett  that  competent  technical  advlcd^be  ob- 
tained to  evaluate  where  such % lenses/  can  be  used  * 
most  effectively. 

•  fll  incandescent  parking  -ligKts  can 
with  highrpressure  sodium, 


mercury  Jftopor 


b.e  replaced 

HID*  lamps . 


CONTROL  MODIFICATIONS 


1 


In,  many  cases,  modification  of  existing  Lighting «con- 
trols,  and  addition  of  new 'lighting  controls,  pan  have  a  con- 
siderable effect  'on  energy  consumption.    The  following  guide-° 
lines  should"  be  considered,  by  the  energy  auditor:  N/ 

•  When  existing  circuitry  makes  it*  "impossible  to*  * 
utilize  less^than  25%  of  the  light  in  a  given 

„  large  space,  ajid  when  persons  work  during  nor- 
mally unoccupied 'periods ,  a  desk  lamp  issuance 
program  may  be  developed.     This  enables  persons 
working  during  unoccupied  periods  to  use  a  simple 
desk  lamp  (or  two)  instead  of.  a  large  bank  of 
luminaires.  # 
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When  natural  light  is  available  in  a  building, 
photocell  switching  can  be  used  to  turn  OFF 
banks  of  lighting  in  areas  where  natural  light 
is  sufficient  for  the  task,  i 

Photocell  and/ or  time  clock  controls  can  be  used 
for  ou-tdoor  lighting  that  is  required*  for  only  a 
part  of*  the  period  of  darkness.     Exc-etft  when  needed  ■ 
for  safety  or  security,  such  lighting  ^should  be 
turned  OFF  automatically  during  the  late. evening  • 
or  early  morning  hours. 

Time  controls  should  be  installed  in  those  areas 
■of  a  building  that  arfe  usett *anf rSquently  and  only' 
•for  brief  periods.     These  controls  turn  OFF  lights 
automatically  after  a  -set  period  of  time, 

«    x       ,  . 

Alternate  switching  pr  dimmer  controls  can  be  em- 
ployed when  spaces  are  used  foi*  multiple  purposes  ' 
and  require  different  amounts /of  illumination  for 
tJ^  Various  ^activities.     It       possible  to  provide 
mWtiple  tfevels  by  providing  switching  for  alter- 
nate fixtures,  and  so  forth.'  Dimmer  controls  can 
be  effective  when  it  is  impractical  to  use  selective 
switching  to  obtain  multiple  lighting  levels.  •This 
is  especially  ^true  (and  relatively  low  iji  cost)^ 
when  incandescent  lighting  is  involved. 

Selective  switching "should  be  used  where  possible. 
Initial  cost  economics  and  lack  of  knowledge  about  * 
final  spac$  subdivision  often  lead"  to  the- use  of 
central  panelboards  as  t;he  only  means  of  control- 
ling large  blocks  of  lighting.     This  design  ap- 
proach precludes  the  potential*  for  turning  ON  only 
the  amount  of  lighting  that  is  needed  after'  the 
space  ^has  been  S/ubdivided. 

There  are  many  ways  to  provide  local  control  of 
lighting.     Local  ^switches  can  be  provided  hear 
-doorways.'.  Remote-controlled  switches  can  be  lo-* 
cated  near  panelboards  t^jsontrbl  groups  of  lights. 
LoW-vol'tage  control  circuits  Can  be  used  to  pro- 
vide accessible  control  of  switches  located  in'  re- 
5jnot£.  locations,     (Theise  controls  are  usually're- 
'  latively  inexpensive .      When  properly  used',  lo- 
calized -switching  usuUfcly  .will .  save  enough  energy 
to  prpvi.de  a  payback  on*  the  investment  within  a  ' 
short  period  of  time,    * 
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•  Lighting,  use  in  remote  areas  ctfrube  moffirtcrre^rby" • 
^Jieon  indicator  lights  at ^Central  stations.  Such 
%4"Iigfits  ^Lert  -personnel  to  investigate  and  turn 
'  OFF  lights  not  be^ng#*  used .  ^  ' 


HEAT-OF- LIGHT  RECOVERY  SYSTEMS 


Heat-of-light  recovery  systems .—  because  of  the  expense 
they  entail  —  usually  ai;e  feasible  only  -if  they  are  part  of 
a  modernization  .program.    While  many^ different  types  of  heat- 
of- light,  recovery  systems  are  available/  most  provide  the 
d^me 'basic  functions. 

In  essence,  the  *heat  produced  by  lighting  is  extracted 
by  Mechanical  equipment  through  a  ceiling  cavity  to  the  me- 
chanical equipment  room.     The  heat  collected  can  be  recycled 
to  reouce  heating,  energy  njeeds  ir^old  weather  or  discarded 

to  reduCe  the, cooling  energy  naeds  during  warmer  weather. 

\ 

Removal  cxf  heat  in  this  manner  usually  enables  luminaires  and 
lamps  to  operate  more  efficiently,  and  also  may  reduce  fan 
horsepower  ^requirements  of  the  air  circulation  system. 

F'igures\5  and  6  show  two  typical  heat-o#f  flight  Recovery 
Systems.  AllVeturn  air  moves  through  the  luminaires  the 
total  return  system  (Figure  Only  part  of  the  return  air 

moves  'through  the  luminaires  "in  a. bleed-off  system  (Figure  6) 

Q. 
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Figure  5.     Heat-of-Light  Recovery 
Systems/Total  Return  System. 
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Figure  6.    Heat-of-Light  F^covery"' ' 
Systems/Ble-ed-Off  System.  v 
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k     *  •  SUMMARY 

«        While  no  two  lighting  systems  have  the  same  potential 
fdr  energy  efficiency  improvement,  there  are  standard  proce- 
dures  for  analyzing\afrd  improving  the  performance,  of  any  sys- 
tem.    Th.e  -no/low  co's\  actions,  shown  in  Table  5  can\be  taken 
with  any  lighting  system.     Retrofit  actions  (also  shbwn  in s 
Table  S)  should  be-,  undertaken  only  on  the  recommendation  of 
a  qualif ied^energy-  auditor  and/or  lighting  engineer,  since 
the  effectiveness  and  economic  'feasibility  Tyf~T6Tro"f itting' 
can:  vary  from  one  application  to  another. 


#ABLE  5.     LIGHTING  SYSTEM  CONSERVATION  OPPORTUNITIES. 


N&/LQW  COST 


urvey  with  Light .Meter.  \ 
Remove 'Bulbs,  Tubes,  and  Ballasts, 
tart  Using  Energy-Efficient  Bthlfc$^ari^  Tubes. 
Glean  Bulbs  and  Tubes. 
Clean  Fixtures. 
Set  Manual  Lighting  Schedule. 

RETROFIT        .  «  . 


Remove  Fixtures. 
Rewir^  Switches . 

Retrofit  with  Energy-Efficient* Ballasts  and  Tubes. 
[ Replace  Mercury  with  Metal  Halide,  High-Pressure  Sodii 
Low-Pressure  Sodium. 
)se  Photocells. 
3fev  Timers. 


or 
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EXERCISES 


•  **  \ 

List^five  lighting  system  maintenance  considerations 
that^can  conserve '^energj.  and  maintain chigh-quality 
ill^jmatlfesr.  ,  x  \\  ^  * 

The^ lighting  levwl^easlj^ed  k  a  .wo'rK^ station  whefe^ 
prolonged,  visually  difficult  tfffiae  work  is  dong  is"" 
65'  footcandles      Are  any  modifications  VeGessary?  If*.-' 
so',  what  are  they?    What  would:  be  accomplished? 
The*  measured  average  light  'level  in  a  co^idor  is  30 
footcandles.    Are  any  modFf  ications  ne£essa\y?  lF~so7 
what  are  they?    .What  would  be  acconfpiished? 
4,^  \  Given  a  task  where  veiling  reflection  and  visikl  comfort 
\are  both  important,  and  a  choice  of  light  sources  with 
:Oefficients  of  -utilization  "of  0  .45  ,  0  ,78  ,  and  0\90, 
tfiich  is  the  best  choice?  ,Why? 

an  application  that  permits  th^  use  of  fluorescent 
laipps,  but  demands  good  color  rendition,  what  would  toe 
tlie.  best  three'  light  choices,  in  order  of.  preference? 
How  does  each  choice  compare  wfth  natural  light? 

6.  What* modifications  should  be  made  to  an  accounting  offi< 
'lighting  system  that  uses  tungsten  filament  incandescent 
lamAs  to  produce  an  illumination  level  of  200  footcandles 
on  task  areas?  ^ 

7.  One  energy- conserving  operation  and  maintenance  action 
that  Van  be  taken  with  lighting  systems  is  "to  disconnect 
unnecessary  fluorescent  lamp  tubes  and  ballasts.  Use 
the  following  information  to  calculate  total  energy  saved 
during  \the  cooling  season: 

%.     Flu&rescent  ballasts  corfsume  Approximately  15%  of 
the  \rated  poweiv  requirement  of' the  tubes  removed^ 
from\the  fixture-  (luminaire) .  •  , 
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For  every  1000  watts  .of  lighting  energy  saved,  a x\ 
.additional  300' watts  of  cooling  energy  is  saved  in 
Texas*  (for  example).    •  -  t 

Iji  this  example;  assume-. that  -  the  total  wattage  "of  ^ 
tubes  removed  «  5500  watts,        *  % 

•Assume  also  that  the  lights  are  used  for  .9>J5  "hours 
in  the  cooling  season,. 

1000 'watts  =  1  kilo.Wa^t.  •  p  • ' 


•Energy  Saving  Calculation:  * 
axbxcxd^e=  ^_   kWh/season 


^         {NOTE:     During  the  heading  season,  for  every  Btu  of  1* 
lighting^  energy  saved,  a*Btu  of  heating  [output]  energy 
will  be  provided  from  some  pther  source  —  e.g.  furnace, 
boiler,  heat  pump,  and  so  forth.)  ^ 
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Fooccandles 
on  casks* 


Fooccandles 
on  casks* 


Aircraft  aanufaccuring 

Stock  pares.  9  v 

Production   . . .  ♦   100 

Inspection    200 

Parts  aanufac  Curing. 

Drilling,  riveting,  screw 

fastening    70 

Spray  boochs    100 

Sheet  aluminum  layouc  and  cam- 
placa  work,  shaping,  and 
smooching  of  small  pares  for 
fuselage*  wing  sec c ions, 

♦cowling,  ecc   100 

Velding 

General  ilium  mac  ion    SO 

Precision  nanuai  arc  welding  .-. .  v  1000 
Subassembly 
Landing  gear,  fuselage,  wing 
sections,  cowling,  and  ocher 

large  units    -00 

Final  assembly 

Placing  of  mocors.  prooelltrs. 
wing  seccions.  landing  gear  ;.  100 
Inspection  of  assembled  ship  1 

and  ics  equiomenc   ^   100 

'     Machine  cool  repairs    100 

Aircraft  hangers  -  > 

Repair  service  only   -.   100 

Armories 

orai   :o 

Exhibit  ions   30 

Art  galleries 

General    -t   30 

On  paintings  (suopleraencary)    30, 

On  scac  jary  and  ocher  disolays  ....  100 
i 

Assenbly  * 

Rougn.  easy  seeing   30 

Rougn,  difficult  seeing    50  » 

'    Medium  '   *00 

Fine     :   500 

Extra  fine   1000 

Auditoriums 

"Aasemoly  only  v   15 

txhibicions  . . .  r  >   30 

Social  activities  •  5 

Automobile  zsnufac luring' 

Trane  assenbly   50* 

Chasis  assembly  line   100 

Final  assembly,  inspection  line  ...  -00 
3ody  manufacturing  4  u 

Parts  t. ....  "0 

Assembly   100 

Finishing  and  inspecting    -00 

9 

3akeries 

Mixing  rooa   50 

Face  of  shelves  (vertical. 

i*Uuminacion)  ..*   30 

Inside  nixing  bowl  (vercical 

illuainacion  30 

Ft  mentation  room   30 


Make-up  rooa 

3read  »  30 

Sweet  yeasc-raised  products   50 

Proof  ing  rooa  *.  ,  •  30 

Oven  room    30 

Fillings  and  ocher  ingrediencs    50 

Decoracwg  and. icing  j  

Mechanical  ^   50 

Hand   100 

Scales  and  :hermomecers    50 

Urapoing  room    30 

Banks  , 
Lobb/ 

Ceneral   50 

Vricing  areas    70* 

Tellers'  stacions                                 •  150+ 

PosCing  and  Keypuncr.    150 

rfaer  shops  and  beauty  aarlors    100 

3pok  binding  . 

Folding,  assemoiing,  casting,  etc.  ..  "0 

Cutting,  munching,  stitching    70 

Embossing  and  inspection    -00 

3rewer±es 

3rewhouse    30 

3oiling  and  '<eg  wasning    30 

Filling  (boctles.  cans,  kegs)   50 

Candy  making  * 

3ox  department    50 

Chocolaca  department 

Husking,  winnowing,  :ac  extraction. 

crushing  and*ref ining,  feeding    '  50 
3ean  cleaning,  sorcing,  dioping, 

packing,  wrapping   *  50 

Milling   •   100 

Cream  making 

Mixing,  cooking,  nolding    50 

Gum  drops  and  jellied  forms    50 

Hand  decorating   -\   100 

Hard  candy 

Mixing,  aooking,  voiding    50 

Die  cucting  and  sorting    100 

Kiss  making  and  wrapping    10O 

  *  » 

Canning  and  preserving 

Initial  grading  raw  material 

samoles    *0 

Tomatoes    100 

Color  grading  (cucting  rooms)  . . .  -00 
Preparation  ^ 
Preliminary  sorting 

Apricots  and  peaches    50 

Tomatoes    100 

,                 Olives    W0 

Cuccing  and  pitting    100 

Final^orcing   100 

Canning  «  • 

Contimfous-belt  canning    100 

Sink  canning   100 

Hand 'packing   50 

Olives   •   100 

Examination  o:  canned"  samples  \  .  200 


♦Minimum  on  the  task  ac  any  cine  for  young  adulcs  wich  normal  and  beccer  than  20/36  correcced  vision. 
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Area  • 


Footcandles 
oq  casks* 


cootcandles 
on  tasks* 


'Container  handling 

Inspection    200 

Can  unscraablers    70 

Labeling  and  cartoning    30 


Ctntral  station  , 

Air  conditioning  equipment,  air 
prehcacer  and  fan  floor,  ash  . 
sluicing  . .  ✓/  

Auxiliaries,  ba*terv  roocs,.  boiler 
feed  puaps,  zanies ,  coopressorst 
guage  area  '  

Soiier  pla:r'oras   

Burner  olacfo>as      : .  ~\~7. . 

Cacie  roo=.  circulator,  or  pump 
bav   

Cheaicai  laboratory   

Coal  conveyor,  crusher,  feeder, 
scale  areas,  pulverizer,  fan 
Area,  transfer  cover   

Condensers,  ieaeracor  floor,  evap- 
orator floor,  heater  floors   

Concroi  rooas  {see  Control  roons) 

Hydrogen  and  caroon  dioxide 
manifold  area   » . T. 

Precicicacors   ^  

Screen  nouse   

Scot  or  slag  clover  piacfora   

Steaa  neaders  and  tr.rocdes  

Swlcchgear.  power   

Teieonone  equipoenc  rcoct   


Tunnels  or  galleries.  ?ipi-.g  .. 

Turbiae  oay  suo-baseaenc   

Turbine  rooa   

Visitor's  gallery   

Vacer  creating  area   


Chemical  works 

Hand  furnaces,  boiling  canns. 
scaciorary  driers,  stacionar 
anc  $ravit>  cryscallizers  . . 

Mecnanical  furnaces,  generator 
stills,  secr.ani.cal  driers, 
orators,  filtration,  aechani 
crvscaliizers.  bieachir.aff. . . 

Tanks  for  cooking,  extractors* 
percolators,  mtrators.  eiec 
troiytio  cells  


and 
•ap- 


Chur the s  and  synagogues 

Altar,  ark.  rereaos  . r  

Choir  and  :!ur.cei   

Classroca*  

?uipit.  roscrua  (supplementary 

iliusir.aci.oq   

*ain  worshio  area  i 
Licht  and  nedius  interior  * 

finishes   

:or  churches  vitn  special  zeal 
Art  $las*  windows  (test  recccn^aded 

<£  Light  color^  

Mediua  color   

Oark  color   ,  

Especially  dense  vindovs  . '.  

« 

Clay  products  and  cedent  a 
Grinding,  filter  presses, 
kiln  roocs  


20 
10 
20 

10 
5C 


10 
10 


:o 

10 
20 
10 
10 
20 
20 

10 
20 
30 
20 
20 


30 


30 


7 

100 
30 
30 

50 


30 

50 
100- 
500 
1000 


30 


Molding,  pressing,  clean- 

ing^t  timing   

Enaaeint^-—  

Color  and  glazing,  rough  vork 
Color  and  glazing,  fine  vork  . 


30 
100 
100 
300 


Cleaning  and  pressing  industry 

Checking  and  sorting    50 

Dry.,  and  vet  cleaning  ajtff 

steaaing    50 

Inspection  and  spotting    500 

Pressing    150 

Repair  and  alteration   200 

Cloth  products 

Cloth  Inspection    2000 

Cutting    300 

9    Seving    500 

Pressing   .  300 

Clothing  manufacture  (sen's) 
Receiving .  opening ,  storing , 

shipping    30 

Exaaining  f perching)   2000 

Sponging,  decating,  winding. 

measuring    30 

Piling  up  ar.d  marking    100 

Cutting    300 

Pattern  aakirrg,  preparation  of 

tripling,  piping,  canvas  and  - 

snoulder  sads    50 

Fitting,  bundling,  shaoing. 

stitcnir.g    30 

Shops    100 

Inspection    500 

Pressing    300 

Seving  ,  ,  -   500 


Club  and  lodge  rooas 

Lounge  and  reading  roocs  ..  .. 
Auditoriums  (see  Auditoriums) 

Coal  tipples  and  cleaning  slants 
Breaking,  screening,  ana 

cleaning   

Picking   


30 


10 
300 


Control  rooas  and  dispatch  rcoos 
Control  rooas 
*     Vertical  face  of  svitchboards 
Siaplex  or  section  of  duplex 
facing  operator: 
Type  A-Large' centralized 
control  rooa  66  incnes 

above  floor   

Type  3-Ordiaary  control 

rooa  66  inches  above  

floor   

Section  of  duplex  facing  avav 

froa  ooerator   

3ench  boards  (horizontal 

level)  

Area  Inside  duplex 

•  svitchboards   

Rear  of  all  switchboard 

panels  (vertical)   

Emergency  lighting,  all 
areas   


20 

30 
30 
50 
10 


♦Sininum  on  tne  cast  at  any  time  for  young  adults  with  normal  and  better  than  £0/3C  vision. 
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Area 


rootcandles 
on  castes* 


Footcandles 
on  casks" 


Dispatch  boards 

tfbrUo,ncai  plane  (desk 

level)   *   4  50 

Vertical  face  of 'board  *8  inches 
above  floor,  facing  operator) 

Systea  load  dispatch  rooa   50 

Secondary  dispatch  rooo    30 

Cotton  gin  industry  . 

Overhead  equipaent:  separators 

driers,  grid  gleaners,  stick  4 
aacnine?,*  conveyers,  feeder^  and 

catvalks   V- •  •   ,30 

Gin  otand    50 

Control  conjo^e    50 

Lint  cleaner   50 

~*3ale  press   -   30 

Court  rooas 

Seating  area  t   30' 

*  Court  activity  area    '0 

Olary  xara*  {«jee  :arss)  •> 

Oiar*/  products 

Fluid  nilk  'industry 

3biler*  rooa    30 

3cctie  storage    30 

3ottle  sorting    50 

3ottie  wasners.  

Can  vasners   '.   «  30 

Cooling  equipment    30 

Fillings    inspection    „ 

Gauges  (en  face)    50 

1      Laoorat,ories  .   ^00 

Mete?  panels  (on  face)*   50 

Pasteurizers    30 

Separators   *   30 

Storage  refrigerator    30 

Tanks-,  vats  N 

lignt  interiors    20 * 

.    Dark  interiors  ,^9° 

Theraoaeter  (on  face)   *  50 

VeignJvBg  rooa   30 

h  Scales   70 

Dance ''rails   5 

Depocs".  cerainals.  and  stations 

Vait&ng  rooa   »  ......  30 

ticket  offices  » 

-General  . .   W0 

>iokat  rack  and  counters   100 

Rfcst  rooas  and  snoKing  rooa   30 

3aggage  cnecking   •  ■  50 

Concourse    W 

h,atf*r?s    20 

toilets  and  vashrooms  *   30 


Dispatc.i  ooards  (see  Cdntrol  rooms) 
Drifting  rooas  (sea  Offices) 

Electrical  equlpaenc  manufacturing 

Impregnating* '.  •      50  ^ 

Insulating:    coil  winding    100 

Jesting   ■■  ^00 

♦Mlaiaua  on  the  task  ac  any  tine  for  young1  adults 


Electrical  Generating  Station 
(see  Central  Station) 

Elevators,  freight  and  passenger 


Engraving  rvax) 


20 
200 


Explosives   

Hand  furnaces,  soiling,  tanks • 
stationary  driers,  stationary 

and  gravity  irvjaallizers    30  

'       Mechanical  furnace,  generators 
and  stills,  aechanicai  driers, 
evaporators*  filtration,  srt- 

chanical  crvscali'iaers    30 

Tanks  for  cooking,  extractors, 

percolators,  ni^acors   30 

jaras-dairy 

Milking  operation  areas  iailkmg 
parlor  and  stall^barn)    ,  e 

General   *  •  <   ^ 

Coo' s  udder     50 

Mii'«r-nandling  eauipaent  and  storage 
area  (aiik  house  or  ailk  rooa) 

General    20 

Vashing  areaym    100 

'  3ulk  tankyfcterior^TS^   100 

#      Loading  yfatfora     20 

feeding  area  (stall  barn  reed 
^^^raliey,  pens,  loose  housing  ^eed 

Tarea)   ■   20 

?eed  storage  area: _  forage 

Haymow   •   3  t 

Kay  inspection  area    20 

Ladders  ana  3tairs    20 

Silo   3 

Silo  rooa   20 

Teed  storage  area:   ^raia  and 
concentrate 

Grain  bin    3 

Concentrate  storage  area    10- 

reed  processing  area    10 

Livestock  housing  area  fcoonunltv, 
oatemicy,  maividual  -alf  pens, 
and  loose  housing  holding  and 

resting  areas;   «    7 

Machine  storage  area  (garage  and 

aachine  shed)    5 

?ara  snop  area 

Activa  storage  area    10 

General  snop  area  loaclr.ary 

repair,  rough  sawing)    30 

Rough  bench  and  aacnlne  vor< 
(painting,  fine  storage, 
ordinary  sheet  aetai  work, 
velding,  cediua  benchwork)  ...  50 
Median  bench  and  aacnine 
wor*  <f ine,woodworking, 
drill  press,  netai  lathe, 

3rinder)    100 

Miscellaneous  areas 

Fan  office    70 

Rest  rooas    30 

?uap house  .    20 

Faras-pouitry  (see  Poultry  industry) 
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Area 


rooccandles 
on  casks* 


Flea  hall  (see  Municipal  buildings) 

Flour  ail Is 

Rolling,  sifting,  purifying    50 

Packing   30 

Produce  concrol  . . .  .TTT   100 

Cleaning,  screens,  san  lifes, 
arslevays  and  walkways,  bin  ' 
checking    30 

Forge  shops    50 

9 

Food  service  facilities 

Dining  areas  • 

Cashier    50 

Inciaaca^ype   m  

Lighc  enviroraent    10 

Subdued  environment    3 

For  cleaning   ,   20 

Leisure- t/pe 

Lighc  environaenc   . . .  30 

Suocued  environaenc    15 

Quick-service  cype 

3right  surrouncings*    ICO 

Mor=al»  surrouncings*    50 

Food  aispiays-tvice  the  general 

.eveis,  sue  noc  uncer   50 

<itcr.en.  cocaerciai 

Inspection,  c necking,  prepa- 
ration, and  or icing   70 

incrance  foyer    30 

Marquee 

Dark  surroundings    30 

3rignc  surroundings    50 

foundries 

Annealing  [furnaces)    30 

Cleaning  -   3C 

Core  naking 

Fine   100 

Medium   50 

Grinding  and  chipping    100 

Inspection 

Fine    500 

Mediua   100 

Molding  " * 

Mediua  . . . .   100 

Large   50 

Pouring    50 

Sorting    50 

Cupola    20 

>ha<eout    30 

Carages-autonoblle  and  crack 

Service  garages 

Repairs    1C0 

Active  traffic  areas    10 

Parking  garages 

Incrance   50 

traffic  lanes    10 

Storage    5 

Gasoline  station  (see  Service, 
station) 


rootcandles 
on  tasks* 


Glass  works 

'  _  Mix  and  furnace  rooas, 

pressing  and  lehr,  glass* 

bloving  machines    30 

Grinding,  cutting  glass  to 

size,  silvering    50 

Fine  grinding,  beveling, 

'  polishing    100 

Inspection,  etching  and 

decorating   s   200 

-Giove-nanufaccuring*   — - 

Pressing    300 

t     Knitting   &   100 

Sorting    100 

Cutting   1   300 

Sev>ng  and  inspection    500 

Hangers  (see  Aircraft  ciangers) 

Kat  manufacturing 

Dyeing ,  stiffening,  oralding , 

cleaning,  refining    100 

Foraing ,  sizing ,  pouncing , 

flanging,  finishing,  iraning  ...  100 
Sevigg    :C0 

Hones  (see  Residences; 

Hospitals 

Anesthetizing  and  preparation 

rooa   •   "  30 

Autopav  and  norgue 

Autopay  roco  . »   100 

\ucopay  cable    1C00 

Museua    SO 

Morgue,  general    20 

Central  sterile  suonlv*  , 

General,  work  »too6    30 

Vork  cables   50. 

Glove  rooa  '.   50 

Syringe  rooa    150 

Needle  sharpening    '.50 

I         Scorage  areas    30 

Issuing  scerile  suoplles   "  50 

Corridor" 

General  in  nursing  areas: 

day  cine   20 

General  in  nursing  areas:  niche 

Oresc  period)   I. .  3 

Operating,  delivery,  recovery, 
and  laooratory  suices  and 

service  areas    30. 

Cyscoscopic  rooa 

General    100 

•  Cyscoscoolc  cable  .*   250O 

Dencal  suite 

Qoeracorv,  general    70 

Instrument  cabinet   150 

Dental'  entrance  to  oral 

cavity   1000 

Prosthetic  laboratory  bench    ...  100 

Recovery  rooa.  general    5 

Recovery  rooa.  local  tor 
observation   70 
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Fooccaodles 
on  tasks* 


Eooccandles 
on  casks* 


(EEC)  encepnalo graphic  suite 
Office* (sea  Offices) 

Vork  roots,  general   30 

Vorx  room,  desk  or  cable   100 

Examining  roots    30 

?reparacion  rooos,  general   30^ 

?reparacion  rooas,  local    50 

Scorage.  records,  chares  .......  30 

Eieccroayograpnic  suice 
Stan  as  EEC,  Sue  provisions  for 
reducing  Level  in  preparacion 
area  co  1 
■Eaergency  operacing  rooa 

Cenerai   100 


rooa 


Local   

ERG.  3KR.  ana  specimen 

General'   

Specimen  caoie   

EKG  aachine   

Sxaaisacion  and  treacaenc  rooa 

General   

Examining  caoie   


:ooo , 

30 
50 
50 

50 

loo 


Exits .  ac  :loor   

Eye,  ear,  nose,  and  throat  sSite 

Dartcrooo  (variable)   

Eye  *xaninacion  and 

"reacaene   

Ear.  nose,  throat  rooa  ... 

Elover  rooa   \ 

Forsula  rooa 

3otcie  washing   , 

Preparation  and  Liiling  . , 
Eraccvr*  rooa  \ 

General  '  A   50 

  200 

....   50 

  50 


.  >10 

50 
50 
10 

30 
50 


30 
100 


.-raccure  caoie   

Spline  cioiee  

?lasc*r  sink  

Incensive  care  nursing  areas 

General   

Lo  ca  i   *     «  • « • . 

Laooracories 

General    50 

Close  voric  areas    100 

Linens  ' see  Laundries) 

Sorting  soiled  linen    30 

General  (clean)  linen  rooa   30 

Saving  rooa,  general  ■   30 

Seviag  rooa,  vork  area    10C 

«Lir.en  do  see    10 

Looby  'or  anerance  foyer) 

During  day    50 

  20 

  20 

.'.   100 


During  nignc 
Locker  roocs  ■  ■       .............. . 

Medical  records  rooa   

Nurses  scaeion  %, 

Cenerai:    day  2  

Cenerai:  aighc   

Desk  for  records  and 

charelng   i  ■  ■  ■/ 

table  for  doctor's  naking  or/ 

viewing  reports   

Medicine  cauncer   » . 

.'Juries  gown  rooa 

Cenerai   »  

Kirror  for  grooving-   

Nursef ies,  infant 
.General   ■  ■  ■ 


70 
30 

70 

70 
100 

30 

f50 

30 


Exaainmg,  tooal  ac  oasmec... 
Exaaming  and  treacaenc  cable 
Nurses  scaeion  and  work  3pace 
(see  Nurses  Scaeion) 
Obscecrical  suite 

Labor  rooa,  general   

Labor  rooa,  local   

Soruo-up  area   

Delivery  rooa,  "general   

Subsceriilting  rooa 


100 
LOO 


20 
100 

30 
100 

30 


Delivery  cable   2500 


general   

local   

private  and  vards) 


Clean-uo  rooa 

Recovery,  rooa 

Recovery  rooa 
Patients'  rooas 

Cenerai   » ■ 

Reading  

Observacion  .by  nurse)   

Night  lignc,  aaxiaua  ^e  tioflr 
(variable)   

Exaniaing  lighc    . .  

Toiiees   .  

Pediatric  nursing  jnic 

Cenerai.  crib  r,ooa   

General,  sedrooa   

Reading   

Playroca   


Treacaene  rooa.  general   

Treacaenc  rooa.  local   

?haraacy 

Coapounding  ana  dispensing   

.Manufacturing   

Parencerai  solution  rooa   

Active  storage   

Alconol  vault   ■  

Radloisocope  facilities 

Radiocheaical  Laboracory, 

general  

Uptake  or  soannmg  rooa   

Exaaming  eable   _  

Reciring  rooa 

General   

Local  for  reading   

Solar iua 

General   

Local  for  reading   

Scairvays   

Surgical  suice 

Inscrjaenc  and  sterile  supply 
rooa   

Clean-up  rooa,  inst*maenc   

'  Scrub-up  area  (variaole)   

Operacing  rootr,  general 

CvariaoTaV" .......  A  *. 

Operacing  cable   

Recovery  rooa,  general   

Recovery  rooa,  local   

Anesthesia  storage   

Subseerllizlng  rooa   

Therapy,  physical 

General   

Exercise  rooa   

Treacaenc  suoicles .  local   

Whirlpool 

Lip  readinj 

Office  (sfe  6ffices) 


30 
30 

100' 

20 
30 


'  0.5 
100 
30 

:o 

10 
30 
30 

50 
100 

LOO 
50 
50 
30 
10 


30 
20 
50 

10 
30 

20 
30 
20 


30 
LC0 
200 

200~ 
2500 
30 
LOO 
20 
30 

20 
30 
30 
20 
L50 
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/•Ar.ea  ,  ;  Footcandles 

on  casks* 

Therapy,  occupational  ^ 

Work  area,  general    30 

Work  cables/or  benches, 

ordinary   50 

Work  cables>or  benches,  fine 

work   100 

Tollers  \   30 

Utility  rooa  j 

General    20 

Work  counter    50 

waiting  rooms,  or  areas 

General    20 

Local  for  reading    30 

X-ray  suite 

Radiographic,  general    10 

Fluoroscopic,  general 

(variable)   0-50 

Deep  and  superficial  tr.erapy  ....  10 

Control  rooa    10 

ells  viewing  rooa   30 

Darkroon   *   10 

Light  rooa   30 

riling  rocs*  developed  filas  ....  30 

Storage,  undeveloped  riias    10 

Dressing  roocs    10 

Hotels  * 

3athrooaa  1  0  a 

'    Mirror    30 

General    10 

3edrcoos 

Reading  (books,  nagaziaes,  news- 

papers)   \   30 

^Inkvriting             _. ,., . .  % .  1 .  , .  30 

Mafce-uo    30 

General   .»  10 

Corridors,  elevators .  and  stairs  ..  20 

Entrance  foyer    30 

'   Front  office    50 

Lir.en  rooa 

Sewing    100 

General    20 

Looby 

General  lighting    10 

Reading  and  working  areas   30 

Marquee 

Dark  surroundings   30 

3rignt  surroundings    50 

Lee  making:    engine  and  coaoressor 

rooa    204 

Inspection 

Ordinary  *  <»   50 

Difficult    100 

Kigniy  difficult    ".200 

Very  difficult    500* 

Most  difficult    1000* 

Iron  and  steel  manufacturing 
Open  hearth 

Stock  yard    10 

Charging  'floor    20 

Pouring  slide 

Slag  pits    20 

Control  platforms   .n  .  20 


Area  Footcandles 

on  ca?ks* 

Mold  yard   *.   5 

Hot  top    30 

Hot  top  storage  ■  10 

Checker  cellar   10 

Suggy  and  door  repair    30 

Stripping  yard    20 

Scrap  stockyard    10 

Mixer  building    30 

Calcining  building    10 

Skull  cracker    10 

Rolling  aills 

3 loosing,  slabbing,  hot  stripy 

hot  sheet    30 

Coid  strip,  plate    30 

Pipe,  rod,*tube.  wire  drawing  ...  50  to 

Merchant  and  sheared  plate    30 

Tln>  plate  ailis 

Tinning  and  galvanizing    50 

Cold  stx^p  roiling   50 

Motor  rcoa.'  aachiqe  rooa    30 

Inspection  \ 

Black  pla^eT  blooa  and  billet  « 

chipping    100 

Tin  plate  and  other  bright 

surfaces    200* 

Jewelry  and  watch  aanufacturing    5C0*, 

Kitchens  (see  Foodservice  facilities  or 
Residences) 

^Laundries  4 

Washing    30 

Flat  work  ironing,  veigning, 

listing,  aarking    50 

Machine  and 'press  finisning, 

sorting    70 

Fine  hariU  ironing    100 

Leather  aanufacturing 

Cleaning*  tanning  and  sereccairg. 

vats    30 

Cutting,  fleshing  and  stuffing  ...  50 

Finishing*  and  scarfing    100 

Leather  working  m 

Pressing,  winding,  glazing    2C0 

Grading,  oatcning,  cutting. 

scarfing,  sewing   .*   300* 

Library  ■ 
Reading  areas  . 

Reading  printed  aaterial  . 50 

Scudy  and  cote  taiyiag  . ...»   *  70 

Conference  areas    30 

Seaiaar  roens  . .   70 

3ook  stacks  (30  inches  above  floor) 

Active  stacks    30 

Inactive  stacks    5 

3ook  repair  and  binding    70 

•Cataloging    70 

■  Card  flies  ...   100 

Carrels,  individual  study  areas  . •  70 

Circulation  desks    70 

Rare  book  rooas-archives 

Storage  areas    30 

Reading  areas    100 
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Fooccandles 
on  casks* 


rooas 


Map,  picture,  ana  princ 

Storage  areas  . 

Use  areas   

Audiovisual  areas 
„ Preparer ion  rooas 

Viewing  rooas  (variable) 

Television  receiving  ropta 
(shield  viewing  screen) 
Audio  listening  areas 

General   

Tor  note  caking   

Record  inspection  table  . 
Microfora  areas % 

riles   

Viewing  areas   


-ocket  rooas 


•30 
100 

*70 

70 

70 

'  30 
70- 
LOO 

70 
30 

20 


Macaine  3nops 

Rougn  sencn  and  nacnine  vorjc    50 

Jfeoiua  bencn  and  aachtne  worx,  * 
ordinary  aucoaacic  aactunes. 
rough  grinding,  nediua  suiting 
itt*  polishing   

Tine  oencn  and  nachine  work,  fine 
aucoaacic  aachines.  nediua  grind- 
ing, fine  surfing  ar.c  polishing  .  ■  $00 

extra-fine  bench  and  aachme  work, 
jr  inning,  fine  york   10 00 


Hacerials  nanaling  ^ 

-rapping,  packing,  labeling"  

Picking  scocx.  classifying   ■" 

Loading,  trucking   — 

Inside  cruck  bodies  and  :r eigne 
cars   

Meat  packing 

Slaughtering   J  ,  

Cleaning,  cutting,  cooking,  grind- 
ing, tanning,  pacing   

Municipal  buildings:    fire  and  ooltca 
?oiic* 

Identification  records   

Jail  cells  and  interrogation 

rooas   

?ire  nail 

Doraicery   .  

Recreation  roca   

Vagon  rooa   

r 

Museus*  . see  Art  galleries) 


k  Cursing  hoae* 

Corridors  and  interior  rasps 
Stairvays  other  than  exits  . . 


Exit  stairways  and  landings,  on 

floor   

Doorways   

Administrative  add  lobby  areas 

day  

Aaoinistracive  and  lobby  areas, 

night   ■_ 

Chapel  or  quiet  areas,  general  .... 
Chapel  or  quiet  area,  local  for 

reading   »  


50 
30 
20 

10 


30 
100 

150 

30 

20 
30 
30 


20 
30- 


5 

10 


50 


10 

.  5 


30 


Are 


fooccanilss 
on  casks* 


Physical  therapy   

Occupational  therapy   

Work  cable,  course  work  .  .'/>. 
Work  cable,  fine  vork 

Recreation  area   v 

Dining  area   

Patient  care  unit  (or  rooa), 

general   

Patient  care  rooa,  reading  • 
Nurse's  station,  general 

Day   

Night   

Nurse's  des*.  for  charts  and 

records   

Nurse-s  aediclne  cabinet   

Utility  rooa,  general   

Ucilicy  rooa<,  voric  counter   

Pharaacy  area,  general  . ... 
Pharaacy,  compounding,  and  dis- 

oen»ioA  area   ..  

Janitor 'J  closet  

Toile^apoTbaching  facilities  . 
Sarber  and  beautician  areas  •■• 


X 


20 
30 
100 
200 
50 
30 

20 
30 

50 
20 

70 
100 
20 
50 
30 

100 
15 
30 
50 


Of 


f  ices 

Drafting  rooas  <v 

Detailed  drafting  and  designing, 

cartography   

Rough  layout  drafting   

Accounting  offices 

Auditing,  tabulating,  book- 
keeping, ausiness  aacnine 
operation,  coapucer  operation  . 
General  offices* 

Reading  poor  reproductions, 
«    business  machine  operation,' 

coapucer  operacion   

Reading  handwriting  in  hard 
pencil  or  on  poor  paper, 
reading  fair  reproductions,  - 
active  filing,  aail  sorting  .. 
Reading  handwriting  in  ink  or 
sedlua  pencil  on  good  quality 
paper,  inceraittenc  filing  ... 
Private  offices 

Reading?-' poor  reproductions, 

business  nacnine  operation  .... 
Reading  handwr icing  in  hare 
pencil  or  on  poor  paper,  reaa- 

ing  fair  reproductions   

Reading  HandwVicing  in  ink  or 
aediua  pencil  on  good  quality 

paper   

Reading  hign-concrast  or  veil- 

printed  materials   

Conferring  and  interviewing   

Conference  rooms 

Critical  seeing  tasks   

.  Conferring   

Note-caking  during  projeccion 

(variable)   

Corridors   


150 


100 


100 


30 


100 
30* 


30 
20 


.Packing  and  boxing  (see  Materials 
handling) 
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--4- 


Footcandles 
on  casks* 


Footcanales 
on  casks* 


Paipc  manuf ac Curing 

> General  v. ......... 

Comparing  olx  with  scandard 


Paine  shops  t 

'Dripping  simple  spraying,  firing 
Rubbing,  ordinary  hand  palnclng 
and  finishing  art,  scencll  and 

special  spraying  .  •«.  

Fine  hand  palnclng  and  finishing 
Excra-fin*  hand-p*intlng  finish- 
ing  ?f  


Paper-box  manufacturing 

General  manufacturing  area 


Paper  manuf Securing 

3eaterS,  grinding,  calendering  .. 

Finishing,  cutting,  trimming, 
papermaking  machines   

Hand  jouncing,  wee  end  .of  paper 
machine   

Paper  machine  reel,  paper  inspec- 
tion, and  laboratories   

Rewinder   .k  


ao 
200 


50 

50 
100 

300 

50 

30 

50 

70 

100 
^150 


Placing   30 

Polishing  and  burnishing7  ,   100 

Power  plants  (see  Central  station) 


Post  Offices 

Looby,  or  cables   

Sorting,  sailing,  etc. 


Poultry  Industry  (see  also^Farm- 
Cairv) 

Brooding,  production,  and  lay- 
ing nouses 

Feeding,  inspection,  clean- 
ing   

Charts  and  recoros   

Thermometers,  eherrostats, 

time  cIocks  «  

Hatcr.enes 

General  area  and  loading  , 

placform  

Inside  incuoators   

Dubbing  station   

Sexing   ]  

Egg  handing,  packing,  snd  ihip- 
ing 

General  cleanliness   

Egg  quality  inspection   

loading  platform,  egg"  stor- 
age area,  etc  

Egg  processing 

General  lighting   

Fowl  processing  plant 
%       General  (excluding  killing  and 

unloading  area)  

Government  inspection  station 

and  grading  stations   

t  Unloading  and  killing  area  .... 
Feed  storage 

Grain,  feea  rations   

Processing   

Charts  and  records   *  


30 
100 


20 
20 


50 


:o 

30 
ISO 
1000 


50 
50 


20 
70 


100 
20 

10 
10 
30 


Machine  storage  area  (garage 
and  machine  shed)   


Printing  industries  , 
Type  foundries 
Matrix  making,  dressing  type 
Front  assembly:    sorting  .... 

i  Casting    100 

Printing  plants 

Color  inspection  and'  appraisal 
Machine-composition  .;rr.  


100 
50 


Composing  room 


200 

-too 

100 


Presses   *   30 

Imposing  stones   150 

Proofreading   1^0 

Eleccrotyplng. 
Holding,  routing,  finishing, 

leveling  molds,  trimming    100 

Blocking,  c inning    50 

Electroplating,  washing,  back- 
ing   50 

Photoengraving 

Etching,  staging,  blocking    50 

Routing,  finishing,  proofing  ....  100 

Tint  laying,  masking    100 

Professional  offices  (see  Hospital's) 

Receiving  and  shipping  (see  Materials  \ 
handling) 


Residences 

Specific  visual  tasks* 

Dining   *  

Grooming,  shaving,  make-up   

-Handcraft 

Ordinary       ing  casus   

Difficult  seeing  tasks  

Very  difficult  seeing  tastes  ... 

Critical  seeing  casks"  >  

Ironing  (hand  and  macnine)   

Kitchen  duties  *  

Food  preparation  and  cleaning  . 
Serving  and  other  non-critical 

tasks  

Laundry  ■ 

)          Preparation,  sorting  inspec- 
tion  ■ 

Tub  area:    soaking,  tinting  ... 

Washer  ana  dryer  areas   

Reading  ana  writing 

Handwriting,  reproductions,  and 

poor  copies   

Books,  magazines,  newspapers   

Reading  piano- or- organ  scores 
Advanced  (substandard  si?e)  ... 

Advanced   

Simple   

Sewing  (hand  and  machine) 

Dark  fabrics   

Medium  fabrics   

*      Light  fabrics   

Occasional:    high  contrast  .... 

Study   

Table  game's  ...<».  


15 
50 

70 
100* 
150 
200 

50 

150 
50 


50 
50 
30 


70 
30 

150 
?0 
3Q 

200 
100 
50 
30 
70 
30 


Minimum  on  the  task  at  any  cime  £or  young  adults^'vich  normal  and  better  than  20/30  corrected  vision. 
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Restaurants  (see  FoocTservice  facii- 
icies) 

Rubber , goods-mechanical  ■ 

Scock  preparation    ,  t  » 

Piascicaciag,  milling,  3anoury  . 

Calender ing   ~  ■ »  

faoric  preoaracXon,  stock  cuccing, 

aoae  looms  ■  ♦  ■  ■ 

Extruded  proauccs   

Moiaed  produces  and  curing   

^nspeccibq  . . .  y  


Fooecandies 
on  caaks* 


Central  lighting 

Conversation,  relaxation,  enter,- 

cairunenc    10 

.Passage  areas,  for  safety    10 

Areas  involving  visual  casks , 

ocher  chan  kiccnea"  '   30 

'    Kitchen    50, 


Ruober  cire  manufacturing 

3 anbury   :  

Tread  acock,  .  f 

G€h*x£\*  *  *  

Sook^af^nd  inspection;  ex- 
■  cruder,  cneck  velgnmg, 

wi<£th  -aeasuring   

Calienaermg  % 

General   

Lacoif  and  vindup   +  •  • 

5 cock  cuccing 

Generai  • .  .*  '  

•       Cucters  ahd  solicers   ■ 

_     3ead  3uiiding   ■ 

Tire  Building #  * 

General   

Ac  machines  

tnT?rocess  stock   

Curing 

General  v  

Ac  molds   

Inspection 

General  .   

At  cires  .'  *■  ■  ■ 

corage    —   


5L_ 


Sawmills 

Grading  redwood  lumber 


30 
50 

50 

sa 

50 
200 


30 

100 

30 
50 

30 
100 

50 

50 
154 

30 

30 

70 

100 
300 
20 

3oo 


30 

;—  --70- 

..  30 
. .  100 
■  »  100 


Schools 
Tasxs 

Reading  printed  sac erial   

"Reading~pencii  tricing  ....... 

Spirit  duoilcaced  macerial' 

Good   

Poor   

Drawing,  bencnwork   

Lip  reading,  chalkboards, 

seving    150 

Classrooms 

Arc  rooms    70 

Drafting  rooms    100 

Koae' econoolcs  room*  ^ 

Seving   150 

'Cooking   a---  50 

Ironing    50 


Fooecandies 
on  casks 


70 
70 
100 


70 
150 


30 


Sink  accivices   

Noce- caking  areas  ^  1.... 

Laboracories   

Leccure  rooos 

Audience  area   

Demonscracion  area   

Music  rooms 

Simple  scores   

"    ^Advanc*d^3 cores   f  ?0 

•Shoos   f.<  100 

Sighc-saving  poms   150 

Study  halls  A...'.   70 

Typing  \   70 

Corridors  and  stairways    20- 

Dormitories  ■ 

General   1° 

Reading  books,  magazines,  neus- 


paper3 


30 


Study  desk    70 

Service  space  (see  also  Storage  rooms) 

Stairways,  corridors   ■   20 

Elevators,  freignc  and  passenger  20 

Toilecs  and  wash  rooms  »   .30 

Service  scacions 

Service  bays    3° 

Sales  room   ✓   3° 

Shelving  and  displays    100 

  15 


Resc  rooms 
Storage  • ■ ■ 


Sheec  aecai  works 

Miscellaneous  machines,  ordinary  1 

bench  work    30 

Presses,  shears,  stamps,  spinning 

aedium  bench  work  

•  Punches   J  

Tin  piate"\nspecciort,  galvanized 
Scribing   


50 
50 
200 
200 


Shoe  manufacturing:  leather 

Cucting  and  3Cicchmg 

Cutting  cables   

Marking,  buttjnholdiag,  skiving. 

sorcing,  vamping,  councing  .... 
Scicching,  dark  aacerials   

Making  and  finishing,  nailers,  sole 
layers,  welc  beacers  and  scariers, 
trimmers,  welters,  lascers,  «*dge 
seccers,  sluggers,  randers,  wheel- 
ers, creeps,  cleaning,  3praying, 
buffing,  polishing,  embossing  ... 


Shoe  manufacturing:  rubber 

gashing,  coacing,  alii  run  ccm- 

<  pounding   

Varnishing,  vulcanizing,  calender- 
ing i  upper  and  sole  cuccing  .... 
Sole  roolfng,  lining,  aaking  and  ' 
finishing  processes   


Show  windows* 

Daytime  lighting 

General   

:  Feacure   


300 


300 
300 


:oo 


30 


50 


100 


200 

loop 


♦Minimum  on  che  :ask  at  any  cime  for  young  adulcs  with  normal  and  beccar  chan  20/30  correcaed  vision. 
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Area 


Foot candles 
on  casks 


Nighttime  lighting 

Main  business  districts- 
highly  competitive 

General  '   200 

Feature    1000 

Secondary  business  districts  or 
small  towns 

General    100 

Feature  ..  • .   500 

Open-frcnt  stores  (see  display 
~  lighting  under  Stores)- 

Soap  manufacturing 

Settle  houses,  cutting,  soap  chip. 

and  powder    30 

Scamping,  wrapping  and  packing, 

filing  and  packing  soap  powder  .  30 

Stairways  (see  Service  space) 

Steel  (see  Iron  and  steel) 

Stone  crushing  and  screening 

3el:  conveyor  tubes,  main  line 

shafting  spaces,  cnute  rooas. 

-  inside  ot  \ins    10 

Primary  oreaker  room,  auxiliary 

beaicers  under  bins   10 

Screens   „   20 

Storage  battery  manufacturing 

Molding  of  gr,ids    50 

Storage  rooms  or  warehouses 

, Inactive  *   5 

Ac  t  ive 

Rough  bulky   10 

Medium  . ,   20 

f  iae    30 

Stores  > 

Circulation  areas    30 

Merchandising  areas 

Ser/ice   "  ioo 

Self-service    200 

Showcases  and  wall  cases 

Service   ,..  200 

Self-service    500 

Feature  displays 

Service   „  , ...  500 

Self-service    1000 

*  Alteration  rooa 

General    50 

Pressing    150 

Sewing   .*   200 

Fitting  room 

Dressing  jreas  .  .7.77. .  .7   50— 

\?  it  ting  areas   200 

Stockrooms    30 

Structural  steel  fabrication    50 

Sugar  refining  ^ 

Grading    50 

Color  inspection    200 

Television  (see  Section  24) 


  t  

Area  Footcandles 
 on  task's 

Testing 

General    50 

*  Ex era- fine  instruments,  scales,  ' 

etc  .   200 

Textile  mills-cotton 

Opening,  mixing,  picking    30 

Carding  and  drawing    50 

Slubbing,  roving,  spinning, 

spooling  7   50 

Beaming  and  splashing  on  comb 

Gray  goods   ,   50 

Denims    150 

Inspection, 

Gray  goods  (hand  turning)    100 

Denims  (rapidly  moving)    500 

Automatic' tying-in    150 

Weaving    100 

Drawlng-ln  by  hand    200 

♦  Textile  mills-silk  and  syrthetics 
Manufacturing  < 
Soaking,  fugitive  tinting,  and 
conditioning  or  sitting  of 

twist    ?o 

Winding,  twisting,  rewinding  and 
coning,  quilling,  slashing 

Light  thread    50 

Dark  thread    200 

Wraping  (sir*  or  cotton  system) 
On  creel,  on  running  ends,  on 
reel,  on  beam,  on  varp  at 

beaming    100 

. Drawing-in  on  heddles  and  reed    200 

Weaving    100 

*. 

Textile  miils-voolen  and  worsted 

Opening,  blending,  picking    '  30 

Grading    100 

Carding,  combing ,<  recombing  and 

gilling  «.   50 

Drawing 

White  . .   50 

Colored   100 

Spinning  (frame) 

White   50 

Colored    loo 

Spinning  (mule) 

White    30 

Colored   «  »....«...  10Q 

Twisting  ^ 
White    5C 

Winding 

White  . ,   20 

,  Colored    50 

*    Warping  ***** — 

_  _   —  -  —  -  -  m-  — 

White  (at  reed)    1Q0 

Colored   100 

Colored  (at  reed)    300 

Weaving 

White   „   100 

Colored   :   200 

Cray-goods  room 

Surling   '.   150 

Sewing    300 

Solving   !^W^?n 


J- 


^•Minimum  on  the  task  at  any  time  for  young  adults  --ith  normal  and  better  than  20/ j0  corrected  Vision. 
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Area  Fooccandlas 

on  casks* 

Wee  finishing,  fulling,  scouring, 

crabbing*  drying    50 

Dyeing    100 

Dry  finishing,  napping,  condition- 
ing, preasing    70 

Dry  finishing,  shearing    100 

Inspecting  (perching)    2000 

Folding   70 

/  4 

Theatres  and  motion  picture  r.ouses 
Auditoriums 

During  intermiision    5 

x        During  picuture   -  0.1 

Foyer    5 

Lobby    20 

"  «  r 

Tobacco  •  products 

Drying,  stripping,  general    30 

Grading, and  sorting  m  ,   200 

Toiiet3  and  vash  rooms   -   30 

t 

Uphoi staring-automobile,  coach, 

furniture  .*   100 

Warehouse  ',3ee  Storage  rooms) 

Welding 

General  illumination    50 

Precision  manual  arc  welding  .  ...  1000 

Woodworking 

Rough  sawing  and  oencn  work    3,0 

Sizing,  planing,  rough  sanding, 
medium  quality  aacnine  and 
oencn  work,  gluing,  veneering, 

cooperage   *   50 

Fine  bench  ind  machine  woric.  ;ine 

sanding  and  tinisning    '100 


•Minimum  on  the  cask  at  any  time  tor  young 
adults  with  normal  and  better ,:han  Z0/30 
corrected  vision. 


■1. 
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TEST 


n  Write  true,  or  faise,  in  the  blank  at  the  end  o£  each 
-statement  in  Items  1-7. 

1.  The  most  effective  first  step  in  an^  lighting, manage- 
ment  program  should  be  -to  modify  maintenance  proce- 
dures.  ' 

2.  Nonuniform  illumination  should  be  considered  qfaly  in 
circulation  or  "support  areas.   

3.  Single-wattage  lamps  produce  more  lumens  per  watt, 
as  a*  general  rule,  than  do  multi- level  lamps,  ; 

4.  The  coefficient  of  utilization  is  a  measurement  <of 
ilLumination  pe^unit  of  time.^   x. 

5.  *     A  light  meter,  can  be  used  to  determine  tjje  percentage 

of  veiling  glare. 

6.  Permanent  desk  locations  could  contribute  "to  effi- 
cient lighting  system  design.   ' 

7.  Lenses  reduce  ^veiling  reflections  and  <^lso  reduce 
effective  wattage  of  the  lamps  to  which  they  are 
applied.    • 

8.  When  40-watt  fluorescent  tubes  are  replaced  with  an 
equaT  number  of  35-wa^tt  energy-efficient  tubes,  a 
14%  savings  occurs.     For  evejry  1000  watts  of  light- 
ing energy  saved,  an' additional  300  watts  of  coOl- 

*  r  *  ing  energy  is  saved  (assuming  the  example' to  be  in 

Texas).     In-*his  particular  case,  4200  watts  of '40-  „ 
_        watt  tubes  were  replaced  in  a  situation  that  requires 

lights  be  used  1050  hours— per  cooling  season  (1000  watts 
=  1  kilowatt).     The  savings  .resulting  from^this  energy 
conservation  measure  is  ... 
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\  Jfc.      80"7.96  kWh/season. 

b\.  ,921.53  kWh/season.  y  _ 

c  '     802.62-  kWh/saason..      "  , 

d.  _,     767'.  17  kWhV season.  ' 

e.  ^  .  '829 .  56  kWh/s-eason.  • 

'Match  .items%;from  .column  B  with  those  '  in  ^Column  A..  Enter 
•  answers  in  the,  "blanks  besi4e  each  item  in  column  A. 
There  may  be  more  than  one  matching  item 'from  B ''for  each 
item  in  A. .  J  " 


Column  A 

Column  B 

Fluofcresqent ' lamp 
^owrpressoire  sodium 

a. 

Tungsten  filament 
Phosphor  coating 

Mercytry  lamp.*  .  . 

c. 

CRI  100  v 

.  Incandescent  lamp 

d. 

Start-up  delay 

Natural- light    '  ^ 

e . 

CRI  97 

High-pressure  sodium 

f  .• 

Lumens  per  >watt* 

Ellipsoidal  reflector 

•^hT 

*HID 

CRI.  0 

1 

Bulb-darkening  * 

*  Discharge  .       .  % 

'  1. 

CRI  75 
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INTRODUCTION 


-Because  HVAC  systems  are  complex,  and  also  because  they 
are  by- far' the  largest  energy  users  in  any  building. energy 
system,  the  HVAC  section  of  the  Energy  Audits  course  is  di- 
vided  into  two  modules/    "HVAC  Systems  Part . IM  dealsr  with 
the  different  types  of  HVAC  systems  and  outlines  energy-  ef- 
ficiency design  and  modification  suggestions . 


PREREQUISITES 


The  student  should  have  completed  Module  EA-05,  "Light- 
ing Systems." 


OBJECTIVES 


Upon  completion  of  this  module,  vthe  student  should  be 
able  to:    *•  *  : 

1.  Define  and  describe  the  maj'or  types  of  new  and  existing^ 
HVAC  systems.  ,  "  v 

2.  Discuss  general  ^efficiency  modification  considerations 
and  ipefcific  modifications  taade  to  improve  the  efficien- 
cy o£  the  most  common  HVAC  system  types.-  r 

3.  Describe  th^.  different  ty^es  of  Keating  equipment. 

4.  "      Describe  the  different  types  of  distribution  systems 

and  discuss  inspection  procedures  for  each.   ,  - 


EA-06/Page  1 


ERLC 


SUBJECT  MATTER 


HVAC  AND  BUILDING  ENERGY  USE  , 


By  far  the  b.iggest  energy*  user  in  any  building^ji*  the 
HVAC  -  heating,  ventilating,  and  air  conditioning  -  system. 
HVAC,  the  environmental  control  system,  often  comprises  601 
of  the  typical  building's  energy  usage. 

Two  facts  ate  particularly  important: 

1.  Because  of *  the  complexity  and  high  energy  consumption 
of  HVAC  ujiits,  maintenance  procedures  are  especially 
important  to  efficient  -  and  thus  less  expensive  - 
operation.    ;  »  - 

2.  Mo-st  of  today's  public  buildings  -have  HVAC  systems 

•  -that  were  designed  when  energy  was  cheap.    The  ratio- 
nale behind 'building' these  systems  with  poor  weather- 
ization  was  that  fuel  costs  were  less  than  the  initial 
capital  investment .  „ 

'  "      Therefore,  needed  improvements  are  not  difficult  to 
locate.-    And  common  sense,  or  logic,  is  by  ^ar  the  most  im- 
portant tocxl  the*auditor  needs. 


GENERAL  HVAC  SYSTEMS  DESCRIPTION 
j\N$, MODIFICATION  SUGGESTIONS 


The  following  are  comments  about  the  major  elements  of 
the  heating, /Ss^n*ilating,  and  air  conditioning  systems,  and 
the  various  'types  of  equipment  found'in  each: 
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SINGLE  ZONE  SYSTEM 

A  zone  is  an  area  o?  group  of  areas  in  a  building  that 
experience  similar  amounts  of  heat  gain  and  heat  loss.  A 
single  zone  system  (Figure  1)  is  one  that  provides  heating 
and  cooling  to  erne  zone  that  is  controlled  by  a  zone. thermo- 
stat.    The  unit  may  be  installed  within,  or  remote  from,  the 
space  it  served  -  either  with  or  without,  air  distribution 
ductwork, .  >  - 


4^ 


POSSIBLE 
ADDITION  OF  VAV  BOX 
(TYPICAL  EACH  BRANCH) 


OUTDOOR 

Air  intake 


POSSIBLE 
PRE-tfEAT  COIL 


SUPPLY  HEATING 
FAN  COIL  COOLING 

COIL 


r 


t     /  r/ 


OUTDOOR 
AW  DAMPER 


\ 

FILTERS 


f  RE- 


TURN AIR  DAMPER 


SUPPLY  „ 
-  AIR  TERMINAL  , 


f 


EXHAUST  EXHAUST 
LOUVERS  DAMPER 


\ 


SPACE  LOAD- 


^RETURN 
AIR  REGISTER 


POSSIBLE  RETURN 
AIR  FAN 


Figure  1,     Single  Zone  System, 


T 


-Steps  that  can  be  taken  to  make  a  single  zone  system 
function  efficiently  include  the  following  modifications: 
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In  some  systems,  air  volume  may;  be  reduced  to  minimum 
required,  thereby  reducing  fan  power  input  require- 
ments.    Fan  brake  horsepower  varies0  directly  with  the 
cube  of  air  volume.     Thus,  for  example,  a  10%  reduc- 
tion in  air  volume  permits  a  27%  reduction  of  origi- 
nal fan  power  input.     This  modification  limits,  the 
degree  to  which  the  zone  serviced*  can  be  heated  or 
cooled  (as  '.comp_ar_ed_  to  current  capabilities)  . 
Raising  supply  air  temperatures  during  the  cooling 
season  and  reducing  them  during  the  heating  season 
reduces  the  amount  of  heating  and  cooling  that  a  ■ 
systeni  must  provide.     But,  as  with  air  volume  reduc- 
tion, this  practice  limits  heating  and  cooling  ca- 
pabilities. 

Using  the,  coolii\g  coil  for  both  heating  and  cooling 
by  modifying  the  piping  enables  removal  of  the 
heating"  coil,,  which  provides  energy 'savings  in  two 
ways/  First,  airflow  resistance  of  the  entire  sys- 
tem is  reduced  so  that  air  volume  requirements  can 
bQ  met  by  lowered  fan  speeds.     Second/  system  heat  4 
losses  are  reduced,  because, the  surface  area  of  cooling 
coils  is  much  larger  than  that  of  heaSfirAg  coils, 
enabling  lower  water  temperature  requirements. 
Heating  coil. removal  is  not  recommehded' if  humidity 
,  control  is  critical  in  the  zone  serviced. and  alter- 
native, humidity,  control  measures  will  not  suffice. 
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MULTI-ZONE  SYSTEM 


A  multi-zone  system  (Figure  2)  heats  and  cools  several 
zones  —  each  ^ith  different  load  requirements  —  from  a  sin- 
gle, central  unit.  A  thermosjLat  in  each  zone  controls  damp 
ers  at  the  unit  that  mix  the  hot  air  off  the  heating  coil, 
(i.e.,  hot  deck),  and  cold  air  off  the  cooling  coil,  (i.e., 
cold  deck),  to  meet- the  varying  load  requirements  of  the 
zone  involved".  Steps  that  can  be  taken  to  improve  energy  e 
ficiency  of  multi-zone  systems  include  the  following: 


OUTDOOR  POSSIBLE 
AIR  INTAKE        P RE-HEAT  COIL 


OUTDOOF 
AIR  DAMPER 


EXHAUS] 
XOUVERS 


HEATING  COIL  (HOT  DECK) 
"I 

DAMPERS 


TO  INDIVIDUAL- 
ZONES 


RETURN 
AIR  DAMPER 


DAMPS 
MULTI-ZONE  UNIT 


EXHAUST  J  POSSIBLE 

*    DAMPER    '        RETURN  AIR  FAN 


COMMON  RETURN 
k  = 


Figure  2.  •  Multi-Zone  System. 
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Reduce  hot  d§ck  temperatures  and  increase  cold  deck 
temperatures'.     While  this  lowers  energy  consumption, 
it  also  reduces  the  system's  heating  and  cooling  ca- 
pabilities (as  compared  to  current  capabilities).. 
Consider  installing  demand  reset  controls  that  will 
regulate  hot  and  cold  deck  temperatures  according 
to  demand.     When  properly  installed,  .and  with  all 
hot  deck  or  cold  deck  dampers  partially  closed,  the 
control  will  reduce  hot  and  raise  cold  deck  temper 
atures  progressively  until  one  or  more  zone  dampers 
is  fully  open. 

Consider  converting  systems'^serving  interior  zones 
to  variable  volume.     Conversion  is  performed  by 
blocking  off  the  hot  deck,  removing  or  disconnect- 
ing mixing  dampers,  and  adding  low  pressure  vari- 
able volume  terminals  and  a  pressure  bypass. 


c 


TERMINAL  REHEAT  SYSTEM 


The  terminal  reheat  system  (Figure  3)  essentially  is  a 
modification -of1  a  single  zone  system  that  provides  a  high  de- 
gree  of  temperature, and , humidity  control;  however,  terminal 
reheat  is  the  most  expensive  energy,  because  it -cools*  and  re- 
he.§ts  the'  same  air  or  water.     The  central  heating/cooling 
unit  provides  air  at  a  given  temper4ture  to  all  zones  served 
by  the  system.     Secondary  terminal!  heaters  4  then  reheat  air  - 
to  a  temperature  c^atpatible  with  the  load  requirements  of 
the  specific  space  involved.     Obviously,  the  high  degree  of 
control  provided  by  this  system  requires  an  excessive  amount 
of  energy.     Several  methods  of  making  the  system  more  effi- 
cient include  the  following: 
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"Figure  3.     Te^mi«ial  Reheat  System, 


•  Reduce  air  volume  61r~srngle  zone  units. 

^  — J * 

•  If  close  temperature  and  ^humi&ity  control  must  be 
maintained  for  equipment  purposes,  lower  water  tem- 
pejrature  and  reduce  flow-  to  reheat  coils.  Thii*x 
permits  control.)  but  somewhat  limits  the  system's 
heating  capabilities .' 

f  If  close  temperature^ and  humidity  control  $re  not 
required,  convert  the  system  to  variable  volume  by 
adding'  Variable  volume "yalves  and  eliminating  ter- . 
minal  heaters.  — 
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VARIABLE  AIR  VOLUME  SYSTEM 


A  variable  air  volume  (VAV)  system  (Figure  4)  provides 
Seated  or  cooled  air  at  a  constant  temperature  to  all  zones 
served.    VAV  boxes  located  in  each  zone  or  in  each  space 
adjust  the  quality  of  air  ^reaching  each  zone  or  space  depend- 
ing on  its  load  requirements.  < Methods  of  conserving  energy 

consumed  by-  this  system  include  tjie  following: 

> 
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Figure 


Variable  Air  Volume  System. 


•  Reduce  the  volume  of  air  handled  by  tta  system  to-  a 
point  that  is  minimally  satisfactory.'  ^ 

•  Lower  hot  water  temper.ature^pd  raise  chilled  water 


temperature  in  accordance  with  the  space  requirement 
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•^fLower  a"ir  supply  temperature  to  a  point  that  will 
result  in  the  ,VAV  Vox  serving  the  space  with  the 
most  extreme  load  being  fully  open. 

•  Consider  installing  static  pressure  controls  for 
more  effective  regulation  of  pressure  bypass  (inlet) 
dampers . 

•  Consider  installing  fawi  inlet  damper  control  systems 
if  none  now  exist.  '  ' 


CONSTANT  VOLUME  SYSTEM  ■ 

f — Most  constant  volume  systems  either  are  part  of  another 
system  —  typically  dual'  duct  systems  —  or  serve  to  provide 
precise,  air  supply  at  a  constant  volume,     ppportuniti^s  for 
conserving  energy  consumed  by  such  systems  include  the  fol-* 
lowing : 

•  Determine  the  minimum  amount  of  airflow  that  is  sat- 
isfactory and  reset  the  constant  volume^  device  accord- 
ingly. 

•  Investigate  the  possibility  of  conver^npjj^fte  system 
to  variable  (step  controlled)  constant  j^lurne  opera- 
tion by  aidding  the  necessary  controls 


INDUCTION  SYSTEMS 

Induction  systems  (Figure'  5)  compose  an  air-handling 
unit  that  supplies  heated  or ^cooled  primary* air  at  high  pres- 
sure to  induction  un^ts  located  on  the  outside  walls  of  each 
space  served.     The  higVpressure  primary  air  supplied  by  the 
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Figute  5,     Induction  System, 


air-handling  unit  is  discharged  within  the  unit  through  noz- 
zles inducing  room  air  through  a  cooling  or  heating  coil  in 
the^unit.     The  resulrting/mixture  of  primary  air,  and  induced, 
or/room  air  '(see  diagram) ,  is  discharged  to  the  room  at  a 
temperature  dependent  upon  the  cooling  and  heating  load  of 
the  space.    Methods  iror  conserving  energy  consumed  by  this 
system  include  the  following r        \  •  - 

•  Set  primary*  air  volume  to  original  values  when  ad-  * 
s justing  and  balancing  work  is  performed, 

•  inspect  nozzles .     If  metal  nozzles  common  on  most 
older  models  are  installed,  determine  if  the  ori- 
fices have  become 'enlarged  from  years  of  cleaning. 
If  so,  chances  are  that  the  volume/pressure  relar 
tionship  of  the  system'  has  been  altered,.     As  a 
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result,  the  present  volume  of  primary  air  and  the 
v  appropriate  nozzl-e  pressure  required  must  be  de- 
termined.    Once  done,  rebalance  the  primary  air 
system  to  the  .new  nozzle  pressures  and  adjust 
individual  induction  units  to  maintain  airflow 
temperature.     All'o,  inspect  nozzles  for  cleanli- 
ness,.    Clogged  nozzles  provide  higher -resistance  ' 
-  to  airflow,  thus  wasting. energy. 

♦  Set  induction  heating  and-cooling  schedules  to- 
minimally  acceptable  levels. 

♦  Reduce  secondary  water  temperatures  during  the 
heating  season. 

♦  Reduce  secondary  water  flow  during  maximum  heat- 
ing and  pooling  periods  by  .pump  throttling  or, 
for  dual  pump  systems,  by  operating  one  pump  only. 

♦  Consider  manual  setting  of  primary  air  temperature 
for  heating,  instead  of  automatize  reset  by  outdoor 
or  solar  controllers.    -  1  ' 


DUAL  DUCT  SYSTEM      '  ■  *  , 

The  central  unit  of/a  dual  duct  system  (Figure  6)  pro- 
vides both  heated  and  cooled  air,  each  at  a  constant  tempera 
ture.     Eachuspace  is  served  by  two  ducts,  one  carrying  hot 
air,  the  other  'carrying  cold  air.     The  ducts  feed  into  a  mix 
ing  box  in  each  space  that,  by  means  of  dampers,  mixes'  not 
and  cold  air  to  achieve  the  air  temperature  required  to  meei 
the.  load  conditions  in  the  .space  %r  zone  involved.  Methods 
for -iitfproving  the  energy  consumption  characteristics  of  this 
system  include  the  following :  ~  * 
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Figure  6.*     Dual  Duct  Systre 


.  Lower  hot  deck' temperature  and  raise  cold  deck  tern- 
perature.  ' 

•  Reduce  airflow  to  ally/boxes  to  minimally  acceptable 

level.  /  ' 

•  When  no  cooling  loads  -are  present,  close  off  cold^ 
ducts  and  shut  down  the  "cooling,  system.   .  R^et  hcvt  . 
deck  according  -to  heating  loads  and*  operate  as  a 
single  du<ft  system.     When  no  heading  loads  are  pre- 
sent, follow  the  same  procedure  for  heating  ducts  . 
and  hot  deck.     It  should  be  noted  that  operating  a  * 

'  ,  dual  duct  system  as  a  single  duct  system  reduces 
airflow,,  resulting  in  increased  energy  savings 
through  lowered  fan  speed  requirements.     But  op- 
erating a  dual  duct  system % as  a  single  -duct'  sys- 
stem  also  decreases  air  changes. 
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FAN  COIL  S'YSTEM 


1~  /  A  fan  coil  system  (Figure  7)  usually  composes  several  ^ 
fan  Qoil  'units,  each  consisting'  of  a  fan  and  a  heating  and/or 
cooling  coil.     The  individual  units  can  be  located  either  in, 
or  remote  from,  the  space  or  zone  being  served.  Guidelines* 


for  reducing  energy  consumption  of  such  systems  include  the 
following : 


OUTSIDE  AIR 
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SUPPLY 
AIR 


RETURN 
AIR 


Figure  7.     Fan 'Coil  Unit.  Q. 

Reduce  airflow  to  minimally  satisfactory  levels* 
Balance  water  flow  to  minimally  satisfactory*  levels  . 
When  heating  and  cooling  loads  are  minimal,  shut 
OFF  fans,  enabling- the- coil  to  act* as  d  conveqtor. 


:  sis  " 


J- 


:  Consider,  installing  interlocks  between  the  heating 
and  cooling  systems  of  each  unit  to  prevent  simul- 
taneous heating  and  cooling. 

•  Consider  face  "zoning  two-pipe  systems  from  four- 
pipe  central  system  to  ayo,id  changeover  losses. 


•HEATING  AND  VENTILATION 


There  are  three  major  areas  in  which*  energy^cpnsumption 
for  heating  and  ventilation  4can  be  reduced:     (1)  the  building 
heat  load;   (2)  the  distribution  system  io'ad;  and  (3)  the  ef- 
ficiency of  the  primary  energy-conversion  equipment. 

BUILDING  HEAT  LOAD 

One  of  the  faqtors  determining  the  building  heat  load  is 
the  average  difference  between-indoor  and  outdoor  'temperature . 
The  larger  the  difference,  the  greater  the  load;     During  the  - 
heating  season,  maintaining  lower  incjoor  temperatures  for  as 
long  as  possible  redtces  the  .heat  load,    'Energy  is  conserved/ 
fo^r *  example,  by  lowering  the  indoor  temperature  to  68°F  oj 
less  in  the  major  areas  of  the  building  when  it  is  occup: 
andtby  maintaining  even  l9wer  temperature^  in  less  critical 
areas.     Internal  heat  gains  (heat  produced  by.light,  people, 
aftd-  business  machines)  and  the  amount- o£  sunlight  impinging 
upon  the  structure  and  transmitted  through  window  pane£  and 
doors  also  reduces  building  heat  load. 

Greater  energy,  savings  can  be  realized  by  reducing  in- 
-door temperature  at  night  and  during  weekends.  Outdoor 
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temperatures  are  generally  colder  at  night,  and  neither  solar 
heat  gain  nor  internal  heat  gains  help  at  night  to  offset 
heat  loss.  w 

Outdoor  air  introduced  into  the  building  for  ventilation 
or  outdoor  air  that  -infiltrates  through  the  building  envelope 

_  can  also  contribute  to  the  heating  load.     This  air  must  be 
heated  and  humidified  to  meet  indoor  conditions.     As  with 
other  heating  loads,  the  ultimate  effect  of  outdoor  air  on 
the  total  heat  load  depends  upon  the  difference  .in  indoor  and 
outdoor  temperatures  and  th^  quantity  of  outdoor  air  intro- 
duced.    In  cold  climates , ^ shutting  OFF  ventilation  air  at 
night  -  when  no  ventilation  is"  required  for  physiological 
reasons  -  may  result  in  the  single  largest  savings  of  energy. 

Building  heating  load  also  depends  upon  tKe  amount  of 
mositure  maintained  in  the  building.     The  measure  of  the  mois 
ture  content  of  the  air  is  relative  humidity  (RH) .    When  cold 
outdoor  air  enters  the  building,  through  ventilation  or  in- 
filtration,- relative  humidity  inside  the  building^rops ,  and 
additional  moisture,  in  vaporized  form,  must  be  added.  Vapor 
ization  requires  heat  energy.     The  greater  the  volume  of  out- 
door air^the  gq^ea^tej^Jve-Jieat  demand  to  supply  humidifica- 
tion.     Thus,  lowering  the  level  of  humiclif ication  conserves 
energy.  •  .  * 

A  buil^ing^is  mare  comfortable  at  lower  temperatures  if 

""the  relative  humidity  is  maintained  at  a  level  within  a  range 
of  from  20%  to  40%.     lit  a  tight  building  -  one  with'little 
inf-iltrat ion  and  a  small  amount  of  ventilation  —  the  energy 
saved  by  lowering  the.  temperature  exceeds  the  energy  required 
to  maintain  humidity  levels  higher  than  20%.    Without  using  a 
computer , .for  s-easonal  analysis,  however,  the  calculation*  to' 
determine  this  trade-off  is ^complicated.     (See  References; 

* 

"*  *  *  * 
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ECM 


2  describes  a  method  for-  making  this .  analysis .)  \Since 


there  is  little  medical  knowledge  available  to  support  the , 
contention  that  relative  humidities  higher  than  20%  are  more 
sbeneficial  to  health,  the  recommendation  in  ECM  1°'  is  to  main- 


-tain  a  maximum-of -4-0%— RR-^UTiiig—t-fee-^day  in  unoccupied  areas  

c 

of  the  building  and^to  add  no  humidif ication  at  night  or  on 
weekends.  ^ 

finally,  the  building  envelope  (roof,  exterior  opaque 
walls,  windows,  >  and  doo~rs  -  all  of  which  are  subjected  to 
the  outdoor  climate)  influences  the  size  of  the  building 
heating  load.     The  effect  of  infiltration  through  the  enve- 
lope is  discussed  above.     In  addition,  heat  is  transmitted 
through  the  building  envelope  by  conduction  in  accordance 
with  the  temperature  difference  between  indoors  and  outdoors 
and  the  resistance-  to  heat  transfer  offered  by  each  of  the 
building  components^  e 

The  rate  of  heat  transfer  through  the  envelope  is  ex- 
pressed as  a  U  value  -  Btus/hour/square  foot  of  surface  per 
degree  0f  temperature  difference  between  indoors  and  outdoors 
The  thin  layer  of  air  surrounding  the  -exterior  surface  of  the 
envelope  adds  to  the  insulating  value  of  the  wall  or  roof  ma- 
terials.    A  lower  U  value  means  greater  resistance  to  the  • 
transmission  of 'heat  and  saves  energy  by  reducing  'heat  loss 
from  the.  -building. 

Siilgle  panes  of  glass  in  still  air  (less  than  15  mph) 
have  a  U' value  of  1.13.     Double  glazing  reduces  the  U  value 
to  about  -0.55.  *  The  Upvalues  of  walls  and  roofs  vary  from  0.4 
to  0.06,  depending  on  the  structural - materials  and  the  thick- 
ness of  any  insulation  that  has  been  added.     Effective  mea- 
sures to  reduce  the  U  value  and  heating  load  include  adding  a 
storm  sash  to  existing  windows,  replacing  the  windows  with 
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double  glazing  (or  triple  glazing  in  severe  climate),  and 
adding  insulation  to  interior  or  exterior  surfaces  of  roofs 
and  exterior  walls. 

Wind  destorys  the  air  filnr  around  exterior  surfaces  and  , 
causes  the  U  value  .of  the  surfaces  to  increase,    H^at  loss,  r 
especially  through  window  panes  and  uninsulated  walls,  in- 
creases accordingly.     Use  shuttfers,  screens,  treets ,  or  other 
shielding  devices  to  reduce  wind  velocity  on  the  windows  to 
limit  heat  losses, 

DISTRIBUTION  SYSTEM  LOADS 

A ^distribution  system  is  necessary  to  supply  the  build- 
ing heating  load.     It  may  carry  hot  water  or  steam  directly 
from  a  boiler  to  radiators  or  to  fan  coil  units  in  the  spaces 
to  be  heated,  or  to ,  air-handling;  units  that  transfer  the  heat 
f rom \the  steam  or  hot  water  piping  by vmeans  of  coils  located 
in  the  unit^    Air  warmed  by  air-handling  units  is  forced 
through  ducts  to  registers  or  diffusers  in  the  conditioned 
spaces.     Return  air,  drawn  through  ducts  back  to  the  air-han- 
dling'units,  is  cleaned  (with  fresh  air  also  drawn  into  the 
unit)  by  air  filters.     The  unit,  when  fitted  with  cooling 
coils,  employs  the  Same  blower  and  duct  system  for  air  con- 
ditioning.    Gravity  hot  air  furnaces  deliver  hot  air,  without 
a  blower^  directly  to  the  space  through  a  short  duct  connec- 
tion.    Forced  warm  air  furnaces  are  equipped  with  a  blower 
(through  ducts  similar  to  those  of  the  air-handling  uhits)  to 
the  furnace.  « 

The  distribution  loads  (often  called  parasitic  lp^ds 
since  they  do.  not  contribute  directly  to  the  comfort  and 
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requirements  of  the  building  occupants)  include , heat  losses 
from  piping  and  ductwork,  and  electric  power  to  drive  fans 
or  pumps  against  the  resistance  of  the  duct  or  piping  system. 
■'..Air,  water,  or  steam  leaks  from  these  systems;  torn  and  miss- 
ing insulation;  and  broken  or  ill— fitting -windows-are-  £l^t-  - 
grant  examples  of  negligent  waste.     They  increase  the  Load 
without  performing  useful  work. 

The  parasitic  distribution  loads  Tor  individual  or  vari- 
ous combinations  of  heating,  cooling,  and  ventijLation  systems* 
depend  upon  the  following: 

•  Performance  (for  air  systems)  of  the  terminal-  room 
devices,  air-handling  units,  and  ductwork  systems, 
which  with  fan  and  motor  performance  influence  the 
amount  of  energy^  required  for  air  ^ 

•  Terminal  devices  and  piping  for  hot  water  systems', 
which  with  pump  and  motor  performance  influence 
the  amount  of  energy  required  for  hot  water  cir- 
culation 

•  Piping  and  appurtenances  for  steam  systems,  which 
impose  a  heating  load-on  the  burner-boiler  system 

The  same -system  may  handle  the  heating,  cooling,  and 
ventilation  loads  at  separate  times  or  concurrently,  to  serve 
^common  or  separate  areas  of  a  building/ 

y       Consider  the  opportunities  for  HVAC  systems  and  distri- 
bution in  the  following  distinct  but  related  areas: 

:  Terminal  Devices  -  Improve  the  performance  of  the 
terminal  devices  to  reduce  their  resistance  to 
fluid -flow  and  increase  their ^heat  transfer  Char- 
acteristics . 
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Ducts  and  'Piping  -  Lower  the  resistance  to  flow  in 
duct  and  piping'  systems  to  reduce  the  required 
horsepower  for  fans  and  pumps,  *  ' 

Control  Systems  -  Modify  the  control  systems  and 
JB?Aes  of  operation  of  air-handling  and  piping  sys-. 
terns  to  reduce  simultaneous  heating  and  cool^jig\ 
Leaks  -  Decrease  fluid  leaks  and  thermal  losses 
from  piping;  air-handling  equipment;  and  other 
vessels  holding  hot  or  colcTVater,  &ir,  or  steam. 
Fans,  Pumps,  and  Motors  —  Improve  the  performance 
of  fans,  pumps,  and  motors  by  maintenance  and  op- 
erating procedures. 

Scheduling  —  Reduce  the  hours  of  fan  and  pump  op- 
eration. 


Distribution  Systems 

A  distribution  system- comprises  the  equipment"  and  mate- 
rials necessary  for  conveying  the  heating  and  caoling  medium 
water , /  steam ,*  or  air,     Most  versions  of  the  nine  general  sys- 
tems ^previously  discussed  employ  *one  or  mor£  rof  the  following 
distribution  systems : 

•  Hydronic  Systems  -  Hydronic  systems  are  those  that 
utilize  water  for  transferring  heating  arid* cooling. 
Steam  Systems  -  Steam  systems  are*  those  that  utilize 
steam\as  a  heat  source.     The  steam  can  be  provided 

*  either  by  an  on-site  boiler  or  by ^district  steam,  - 

•  Air  Distribution  Systems  -  Air  distribution  systems 
are  those  that  use  air  for  -heating  and/or  cooling. 
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PRIMARY  ENERGY  CONVERSION  EQUIPMENT 

Ultimately,  energy  (in  the  form  of  oil,  coal,  or  gas) 
is  consumed  £>y  primary  equipment  and  converted,  by  way  of  • 
combustion,  into  heat  in  a  boiler       furnace.     The  potential 
energy^  in  the' fuel  is  not  fully  realized  because  it  is  diffi- 
cult to  achieve  and  sustain  the  correct  mix  of  air  and  fuel 
for  combustion-     Additional  losses ,  Tfirough  the  breeching  or 
^moke  pipe  up  the  chimney  (and  heat  radiation  from  the  boiler 
/  surfaces^ or  furnaces  jacket)  further  reduce  the  useful  heat 
output  of  the  unit. 

Although  the  efficiency  of  a  burner  -  furnace  unit  at  any 
instant  may  .fall  just  short  of  90%  for  those  fueled  by  oil 
and  gas  (and  somewhat  lower  for  those  fueled  by  coal) ,  the 
seasonal  efficiency  is  generally  lower  by  10%  to  30%  ^s  a  re- 
sult of  stack  losses  during  and  between  ON-OFF  firing  periods. 
The  amount  of  heat  lost  is  a  function  of  the  amount  of  excess 
air  required  for  complete  combustion,  the  amount  of  draft  at 
maximum  and  part  loads,  the  amount  of  air  leakage  into  the 
combustion  chamber,  the  ability  of  the  burner  to  modulate  in 
accordance  with  varying 'building  loads , *  the . quality  of  the 
fuel,  and  the  amoiint  of  soot  and  scale  accumulation  (reducing 
^heat  transfer)  on  the  combustion  surfaces. 

Proper  adjustment  of  burners  and  maintenance  of  boilers 
and  .furnaces  improve  efficiency  -  and  reduce  fuel  consumption 
accordingly.     Many  units  originally  designed  for  coal,  how- 
ever, have  beeH*  fitted  with  gas  or  oil  burners  and  cannot  be 
made  to  operate  as  efficiently  as  better  quality  units  de- 
signed specifically  for  oil  or  gas. 

After  reducing  the  building  distribution  load,  further 
improve  the  .efficiency  of  the  burner-boiler  or  furna'ce  units 
by  adjusting  the  J^rir^  rate  to  accommodate  new  loads.  Lower 
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the Jtem'peratures  of  the  water  .or  air  delivered  from  the. unit. 
Radiation  and'  convection  losses  from  the'unit  will  be  reduced 
vpth  lowered  temperature  and  steam  pressures.     If,  however, 
it  becomes  necessary  to  circulate  -a  greater  quantity  of  air 
or^watrer  to  meetr  roonr  loads ,  distribution  loads  may  actually 
increase.     To  analyze  this  trade-off  thoroughly,  seek  profes- 
sional advice.     In  general ^  operate  the  primary  equipment  at 
lower  temperatures,  that  are  sufficient  to  meet  room  loads.- 


HEATING  EQUIPMENT:     MAINTENANCE  G^DELINES 


There  are  also  many  different  kinds  of  heating  systems 
installed  in  exist ing^off ice  buildings4  and  other  public  fa- 
cilities.    The  following  discussion  centers  on  certain  common 
maintenance  guidelines  that  improve  efficiency  of  operation. 

The  following  are  general  guidelines  for  improving  the 
efficiency  of  boilers: 

•  Inspect  tfoilers  for  scale  deposits,  accumulation  of 
sediment,  or  boiler  compounds  on  waterside  surfaces. 
The  rear  portion  of  the  boiler  mu§t  be  checked  be- 
cause it  is  the  area  most  susceptible  to  the  for- 
mation of  scale.     {Scale  reduces  the  efficiency  of  ] 

'   the  boiler  and  possibly  can  lead  to  furnace  over- 
heating, crackiirgC^  tube  ends,  and  other  problems.),^ 

•  The  fireside  of  the  furnace  and  tubes  must  be  in- 

\    spected  for  deposits  of  soot,  flyash,  and  slag.  The 
r     fireside  ref ractory\surf ace  also  must  be  observed. 
Soot  on  tubes  decreases  heat  transfer  and  lowers  £f- 
jfc    ficiency.     (Consider  installation  of  a  thermometer 

•  in*  the  vent  outle%t-if  the  boiler  does  not  have^  01 


■V. 
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A  thermometer  can  save  -inSpectipn  time  and  often 
can  prove  to  be  mcpfe  accurate  than* visual  inspec- 
tion  alon-e.'J     If  tiffin  gas  outlet  temperature  rises 
above  normal,  it, can  mean  that  tubes  need  clean-  — 
ing ,     Evidence' ojf  heavy  sooting  in  short  periods 
qpuld  be  a  signah.  of  too  much  fuel  ^and  net  enough 
air^    Adjustment  of  the  air-to-fuel  ratio  is  re- 
quired to  obtain  a  clea*n-burning  fire, 
Suspect  door  gaskets.     Replace  them  if  they  do  not  > 
provide  a'  tight  seal,    *  ^  * 

Keep  a  daily  log  of  pTessure,  temperature,  and  other 
drta  obtained  from  instrumentation .     This  is  the 
bfest  method  to  determine  the  need  for  tube  and  noz- 
lie  cleaning,  pressure  or  linkage  adjustments,  and 
related  measures.     Variations  'frbin  normal  can  be 
spotted  quickly,  enabl^ig  immediate  action.     On  .an* 
6il-fired  unit,  indications  of  problems  inclijde'  an.  . 
oil  pressure  drop,  which  ma^  indicate  a  plugged 
strainer/  faulty  regulating  valve,  or  an  air  leak 
in  the  suction  line.     An  oil  temperature  drop  can 
indicate  temperature  control  malfunction'  or  a 
fouled  heating  element.     On  a  gas-fired  unit,  a 
drop  in  gas  pressure  tan  indicate  3  'drop  indthe 
gas  supply  pressure  or 'malfunctioning  regulator, 
Hote  the  firing  rate  when  log  entries  are  made. 


*  Realize  that  even  a  sharp  rise  in  stack  tempera- 
ture does  not  necessarily  mean  poor  combustion  or 
fouled  waterside  or  fireside.     During  a  load  chamge, 
stack  temperatues  can  vary  as  much  as  100°F  -in  five 
minutes.  - 
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♦  •  Inspe&t;  stacksJ#They  should  be  free  of  haze.  If 

n°t ,  ^^m-^'^probable  that  a  burner  adjustment  is  nec- 
essary. 

•  Inspect  linkages  periodically  for  tightness.  Adjust 
,  when  slippage  or  jerky  movements  are  observed, 

•  Obsefvfe  the  fire  when  the  unit  shuts  down.     If  the 
fire* does  not  cut  off  immediately,  it  could  indicate 
a  faulty  solenoid  valve.     Repair  or  replace  as  nec- 
essary, % 

•  Inspfect  nozzles  or  cup  of  oil-fired  units  on  a  reg- 
ular  basis.     Clean  as  necessary, 

•  Check  burner  firing  period.     If  it  is  improper,  it 
could  be  a  sign  of  faulty  controls, 

•  Check  boiler  stack  temperature.     If  it n£s  too  high 
(more  than  150°F  above  steam  or  water  temperature) , 
clean  tubes  and  adjust  fuel  burner, 

*  •  Check  analysis  of  the  flue  gas  on  a  periodic  basis,. 

Check  oxygen  and  carbon  monoxide,  as  well  as  carbon 
qd^oxide.     Oxygen  should  be  present  to  no  more  than 
lor  21,     There  should  be  na  carbon  monoxide/  For 
a  gas-fired  unit,  C02  should  te  present  a^9  or  10%; 
for  #2  oil,  11,5-12,8%;  for  #6  oil,  13  to  13.8%. 
' '-The  air-to-fuel  ratio  must  be  maintained  properly. 
If  there  is  insufficient  air,  the  fire  will  smoke, 
cause  tubes  t*o  become  covered  with  soot  and  carbon, 
and,  thus,  lower  heat  transfer  efficiency.     If  too 
much  air  is  used,  unused  air  is  heated  by~Combus- 
tion  and  exhausted  up  the  stack,  wasting  heat  en- 
ergy.    Most  fuel  service  companies  will  test  a 
unit  free  of  charge  or  for  a  token  fee.     (See  Figure 

80  .  • 
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•  Inspect  all  boiler  insulation,  refractory,  brick- 
work, and  boiler  casing  for  hot  spots  and  air  leaks. 
Repair  and  seal  as  necessary. 

•  Replace  all  obso4sete  or  little-used  pressure  vessels* 

•  Examine  opera tin^^rocedures  when  more  than  one 
boiler  is  involved.     It  is  far  better  to  operate  one 
boiler. at  901  capacity  than  two  at  451  capacity 
each*    The  more ^boilers  used,  the  greater  the  heat 
loss.  • 

•  Clean  mineral  or  corrosion,  build-up  on  gas  burners. 


12%  C02 


f  WHITE 


TOO  LITTLE  KIR 


too  much  j<\n 


JUST  RIGHT 


Figure  8.     Boiler  Air-to-Fuel  Ratio. 


The  following  are  guidelines  -for  improving  the  efficienc 
of  central  furnaces,  make-up-  air  heaters,  and  unit . heaters : 
♦  All  heat  exchanger  surfaces  should  be  kept  clean. 
Check  air-to-fuel  ratio  and  adjust  as  necessary. 
.  ^Inspect  burner  couplings  and  linkages.  -  Tighten 
and  adjust  as  necessary. 


jnc 


223 


EA-06/Page  25 


'    •  Inspect  casing  for  air  leaks  a^d  seal  as- necessary. 

•  Inspect  insulation  and  repair  or  replace  as  necessary. 

•  Follow  guidelines  suggested  for  fan  and  motor*  main- 
tenance . 

0 

Guidelines  for  improving  the  efficiency  of  radiators, 
convactors,  baseboard,  and  finned-tube  units  are  the  follow- 
ing: t 

•  Inspect  for  obstructions  in  front  of  th'e  unit  and  * 
remove  tjjj^m  whenever  possible.     Air  movement  in  and 
out  of  theT  convector  unit  must  be  unrestricted. 

•  Air  will  sometimes  collect  in  the  high  points  of  . 
hydronic  unfits.     It  must  be' vented  to  enable  hot 

.water  to  circulate  freely  throughout  the  system. 
Otherwise,  the  units  will  short  cycle  (go  ON  and 
OFF  quickly),  wasting  fuel. 

•  Heat4  transfer  surfaces  of  radiators,  convectors , 
baseboard,  and  finnfcd-tube  units  must  be  kept  clean 
for  efficient  operation.  /  V 

The  following  are  guictelines  for  improving  the  efficiency 
of  electric  heating: 

•  Keep  heat  transfer  surfaces  of  all  electric  heating 
i^nits  clean  and  unobstructed.    .  . 

•  Keep  air  movement  in  and  out  of  the  units  unob- 
structed*. 

•  Inspect  heating  elements,  controls,  VfNjI  fans  (as 
applicable)  on  a  periodic  basis  to  ensure  proper 
functioning.  ^  * 

•  ki  appropriate,  check  reflectors  on  infrared  heaters 
.  for  proger  beam  direction  and/cleanliness. 

V 
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•  Determine  if-  electric  heating  equipment  is  operating 
'  at  rated  voltage  as  necessary,  . 

Chsj:fc  controls  for  proper,  op^ex^tion,     ,   _ 

Guidelines  for  improving ,  the  -efficiency  <of/hot  «anct 
chilled  water>  piping  are  the  \foliow}.ng :  ?     •  . 

•Inspect  all  controls.  Test  the  Controls  £or  propeT 
operation,  -Adjust,  repair,  or  replace  th'e  controls 
as"  necessary.    Also,  chfeckv for"  leakage  atj  joints,- 

•  Check  flow  measurement  instrumentation  for  a.ccuracy^ 
Adjust,  repair,  or  replace  flow  measurement  instru- 

.   mentation  as  necessary,  \ 

•  Inspect  insulation  of  hat  and\  chilled  water  pipe«s. 
Repair  or  replace  them  as  necessary.     Be,  certain  to 
replace  any  insulation  damaged^\by  water.  Determine 
the  source  of  any  water  leakage^'and  correct  the 

-  problem,  •  \ 

•  Inspect  strainers-     Clean  regularly, 

•  Inspect  heating  and  cooling  heat  ^xcha'ngers,     barge  ; 
temperature  differences  may  indicate  air  binding, 
clogged  strainers,  or^excessive  amounts  of  scale, 

-  Determine  the  cause  of  the  conditio^  and  correct  it 


Inspect  vents  and  remove  all  clogs 


Clogged  vents 


■  Retard  efficient  air  elimination  and\ reduce  effi- 

*  *\  \ 
ciency  of  the  system,  "  ■  • 

The  following  are  guidelines ' for  improving  the  efficiency 
of  .steam  piping :        '  - 

•  Inspect  insulation  of  all  mains,  risers  and  branches, 
economizers,  and  condensate  receiver  tanks.  Repair 
or  Veplace  as  necessary. 
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Check  automatic  temperature-control  system  and  re- 
lated  control  valves  and  accessory  equipment  to  en- 
sure that  they  are  regulating  the  system  properly 
sin  the  various  zones  (in  te^rms  of  building  heating 
needs,  not;  system  capacity). 

Inspect  zone  shut-off  valves.    All  should  be  oper- 
able so  steam  gding  into  unoccupied  spaces  can  be 
shut  OFF. 

Inspect  steam  traps'.     Their  failure  to  operate  can 
have  a  significant  impact  on  the  overall  efficiency 
and  energy  consumption  of  the  system.     Several  dif- 
ferent tests  can /be  utilized  to.  determine  operations 

a.  Listen  to  the  trap  to  determine  if  it  is  * 
opening  and  closing  when  it  should. 

b.  Feel  the  pipe  on  the  downstream  side  of 
the  trap.     If  it  is  excessively  hot,  the 
trap* probably  is  passirfg  steam.  This 

-    can  Se  caused  by  dirt  in  the  trap,  valve 
OTF 'steam excessive  steam  pressure,  or 


worn  trap  parts  (especially  valve  and 
seats),,    If  , the  pipe  on  the  downstream 
side  of  the  trap  is  moderately  hot  -  as 
hot  as  a  hot  water  pipe,  for  example  — 
it  probably  is  passing  .condensate ,  whichs 
itvshould.     If  it  is  cold,  the  trap  is 
not  working  at  all.  '  . 

.Check  back  pressure  on 'downstream  side. 

Measure,  the  temperaturfe  'of  the  .return 
lines  with  a  surface'*  pyrometer .  Measure 
t  the  temperature  4r0P  across  the  trap. 
Lack  of  drop  Indicates  steam  blowthrough. 
Excessive  drop  indicates  that  the  trap 
is  not  passing  condensate.    Adjust,  re- 
pair, or  replace' all  faulty  trsEps. 


V 
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Self-Contained  Systems 

Energy  consumption  of  self jcontained  systems,  such  as 
rooftop  (Figure  9),  windcfw,  through- the^all ,  split  systems 


•FILTER  ^_  OUTSIDE 

L  SECTION    ^4"  AIR 


Figure  9.     Rooftop  Unit. 


(Figure  10),  and  other  heating  and/or  cooling  units,  can  be 
"modified  as^foTTows":  ~    ~~  *~ 

•  If  multiple  units  are  Involved,  consider  installa-     *  - 
tion  of  centralized  automatic  shut-off  and  manual 
override  control. 

•  If  units  are  relatively  old,  consider  replacing 
them  with  more  efficient  air-to-air  heat  pumps 
or  similar  units  that  have  a  higher  equivalent  - 

'    •    efficiency  rating.  ^    m  ' 
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SUPPLY1  AIR 


CONDENSING 
^  SECTION 


EVAPORATOR 


77" 


h-XH 


.HEATING 
SECTION 


RETURN  AIR 


Figure  10.     Split  System. 
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EXERCISES 


Find. the  yearly,  energy  saved  by  lowering  the  temperature 
10°F  during"  unoccupied  hours  for  the  following  building: 

o  -  « 


Type   ^.  .  .  .  ,;  

Office,  40  hours  occupancy/week 

Minneapolis ,  Minnesota 

100,000  square  feet 

Light  Oil  (138,000  Btu/gallon) 

Present  Heating    t     1  . 

76,000  Btu/square  feet/year 

Heating  Degree  Days 
from  Climatic  Atlas 
of  the  U.S.   .  .   

8,400 

To  calculate  these  savings,  use  Figure  11:  "Heating  -  Energy 
saved  by  Nrght  Setback." 

An  explanation  of  how  Figure  11  was  derived  -  as  well  as 
instructions  fbr  its  Use  -  follow  the  figure.. 
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SAki  O^RAoI\Sa^ITUO 

IN  MULTIPLES  OF  10.  10p,  1.000 


SERVING  Btv  x  IO3  PER 
SQ  FT  PER  YEAR 


30    60    90    120  150  180  210  240  270 
-x- 


\ 


PRESENT  HEATING  ENERGY 
CONSUMPTION  Btu  PER  SQ  FT 
PER  YEAR  TIMES  SELECTED 
ORDER  OF  MAGNITUDE 


DEGREE  DAYS 


4 

Figure  11^    Heating  —  Energy  Saved  by.  Night  Setback. 
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Explanation  and  Instructions  for  jFigure  11: 

Five  locations  with  heating  degree-day- totals  ranging 
fqrom  1 ,400-8 ,400  were  analyzed  regarding  time  temperatiire  •  • 
distribution  below  68°F  DB.  #  The  percentage  temperature  dis- 
tribution for  each  of  the  5°F  ranges,  whioh  includes  tix£  set- 
back from  68°F  shown  in  the  lower  half  oft  the  figure  related 
to  the  total— number  of  degree  hours  below  68°F,  was  determined 
for  24  hours  per  day,  365  days  per  year.    This  percentage  was 
then  plotted  agains^t  annual  degree  days  and  expanded  to  cover 
the  entire  range  of  degree  days.     This  is  shown  as  the  lower 
half  ofrthe  figure. 

•  The  upper  half  of  the  figure  represents  the  range  of 

v  heating  eAnerg^consumed  per  square  foot  for  various  buildings 
^  over  the  rlnge  of  1,000  to  10,000  degree  days.  The^extreme 
right-hand  line  in  the  upper  half  represents  901  of  the 
 pr esent  consumption  when  pro j-ect-ed-^e r t i-cal-l-y^. — Analysis— of  


energy  usage  for  heating  by  various  buildings  in  several  lo- 
cations showed  that  it  can  be  safely  assumed  that  approxi- 
mately 10*%  of  the  total  heating  energy  consumption  happens 
during  occupied  hours.    Therefore,  savings  by  night  setback 
are  applicable  to  only  90%  of  the  total  heating  energy  con- 
sumption.    The  remainder  of  the  upper  half  of  the  figure 
siuiply  proportions  the  energy  saved  based  on  the  point  of 
entry  from  the  lower  section. 

Convert  this  figure  to  a  quantity  of  fuel  by  dividing  by 
an  appropriate  conversion  'factor .     To  convert  t<>  gallons  of 
#2  oil,  divide  by  138  ,000  (th|  numbe'r  of  Btus 'in  a- gallon)  ; 
for  #  6  '^oi  1 ,  by  146,000  /Btus  per  gallon);  fojr  natural  gas,  by' 
1,000  (BtuS'per  cubic  foot) for  manufactured  gas,  by  800 
(Btus  per  cubic  foot);  and  for  tons  of  coal,  by  26  x  106  (Btus 
per  ton).    Multiply  th*|  quantity  by  the  unit  cost  for  any 
type' of  energy  used^t'o  cafeul^^;CQsr -savings . 

<*ldri.,     .  ...... 
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Supply  the  following  information: 

Enter  Figure  11  at  8,400  degree  days  and  76,000  Btu/ 
ft3/yr  present  consumption.     Intersect  with  the  10° 
setback  line,  and  follow  t^he  example  line  to  determine 
a  saving's  of  ; 

2.      Savings:  \  \ 

\  \ 

>a.      Convert  savings  in  Btus  \to  gallons  at  651  seasonal 
\      efficiency;  \ 


b.      Assuming  an  average  fuel  ^ost  of  $1.,10  per  gallon3 

the  savings  in  dollars  per1 year  is   . 

3-    1  Results: 

a.      Energy  saved:   

 b.      Dollars  saved:  .  
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TEST 


Determine  the  energy  _xequired-  to  heat  -  infiltration  air; 
using  Figures  IT  and  2T.  . 


VEL 


**8<§TY/ 


MPH 


KEY  TO  WINDOW  INFILTRATION  CHART 
-  (LEAKAGE  BETWEEN  SASH  AND  FRAME) 

TYPE 

MATERIAL 

^EATHERSTRIPPED? 

FIT 

(D  ALL 
w  HINGED 

WOOO 
METAL 

YES 
YES 

AVQ 
AVQ 

©  ALL 
W  HINGED 
DBL  HUNG 

WOOO 
METAL 
•  STEEL 

H8 

NO 

AVQ 
•  AVQ 
AVQ 

®    1  ALL 
W  DBL  HUNG 

WOOD 
STEEL 

YES 
YES 

LOOSE 
AVQ 

©CASEMENT 

STEEL 

NO 

'  AVQ 

®  H,AN&- 

WOOD 

NO 

LOOSE 

30-- 


25 


20-- 


15 


10-- 


0.2     0.6  1.0 


3-0 


CFM/FT 
OF  CRACK 


r-z  1 

A  r 

© 

® 

® 

® 

f  J 

(—•- 

7 

-+- 

0.4 

4-f 

0.8 

r 

4.0 


Figure  IT...     Rate  of  Infiltration  Through  Window  Frames. 
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Use  the  following  data  to  supply  the  information  called 
for  below.     To  estimate  tjie  amount  of  infiltration  occuring 
in  a  bb^lding  because  of  window  leakage,  determine,  fix.st, 
the  total  amount  of  'crack  area. 


• . .  Offices 

* 

•  .  .  100'  x  50'. 

(5  floors) 

* 

...  s,aoo 

...  68°F 

. . .  NW  " 

:     5 '  x  3  *  ; 
total  no. 

28 

:     5'  x  3*  ; 
total  no. 

56 

&  ! 

, , ,   Loose-fitting,  double- 
sash 

hung 

wood 

Circjl^the  answer  closest  to  your  own.     Figures  IT  and 
.  2-T  may  cause  some  deviation. 

1.-n  The  crack  length  per  window  (including  the  horizontal 
/  crack  between  the  upper  and  lower  sash),  is  . . . 
.  \^a.A      28  feet.  . 
*  b.      19  feet. 

c.  10  feet. 

d.  24  feet.  - 
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2.  Total  crack  length  for  north  and  west  windows  is 

a.  2,965  feet. 

b.  1,065  feet. 

c.  982  feet. 

-  d.      1,596  feet. 

3.  Determine  from  Figure  IT  the  rate  of  infiltration  per 
foot  of  crack. 

a.  1.5  cfm 

b.  3.9  cfm 

c.  4.2  cfm 
cL      0  .  3>  cfm 

4.  •    Total  infiltration  <Jue  to  window  cracks  is  .  .  . 

a.  4,0$4  cfm. 

b.  2,394  cfm.  * 

•  c       3,Z94  cfm.  •  , 

d.  1,794  cfm. 

5.  ^Determine  from  Figure  IT  the  rate  of  infiltration  per 

•  foot  of  crack  if  windows  are  weat<herstr ipped . 

a.  1.03  cfm/ft 

b.  0.92  cfm/ft 

V 

c.  0.25  cfm/ft  - 

d.  0.69  cfm/ft 

6.  Therefore,  total  infiltration  is  . .  . 

a.  l     399  cfm. 

b.  ;  929  cfm.. 

-  c.      614  cfm. 
d.       210  cfm. 

r 

Reduction  in  infiltration  is  ... 

a.  1 ,371  cfm. 

b.  1,592  cfm. 

c.  .       2,391  cfm. 

d.  1,995  cfm. 
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Determine  seasonal  savings  in  energy  for  heating.  From 
Figure  2T,  each  1,000  cfm  required  ... 

a.  1 .62  x  10s.  Btu/year. 

b.  130  x  10s  Btu/year. 

c.  219  x  10s  Btu/year. 
4.       172  x  10s  Btu/year. 

Therefore,  reducing  infiltration  by  1,995  cfm  would 
result  in  a  savings  of  . . . 

a.  259.1  x  10s  Btu/year. 

b.  299.2  x  10s  Btu/year. 

c.  17.2.2  x  10s  Btu/year. 

d.  111.3  x  10s  Btu/year.  , 
Savings  due  to  Weather  stripping  is  ... 

a.  190.7  x  10s  Btu/year.. 

b.  251.3  x  10s  Btu/year.        *  *  

c.  314.6  x  10s  Btu/year. 

sd\  «    228,1  x  10s  Btu/year.        .  ■ 
If  the  heating  system  uses  #2  oil  (138,000  Btus/gallon) 
£hd  has  a  seasonal  efficiency  of  60%,  fuel  saved  is  ... 
a.      3,792  gallons. 
b~      3,128  gallons. 

C     4  ,298  'gallons .  *\ 

d.  ,   '2  ,771  gallons  . 
•  At  a  fuel  cost  of  $1 . 10/gallon,  dollars  saved  JLs  ... 

a.  $2948.48. 

b.  .  1^949.48. 

c.  $2194.84. 
'  d.  $3440.80. 


\ 
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13. 


14. 


Assume  the  cost  of  weather  stripping  to  ;be  $25  per 
window.    Total  cost  of  weather  strippimgj  is  ... 

a.  $1400. 

b.  $1700.  •? 
1.  $2100. 

/d.  $2900. 

Summary:   |__  (Item  12)  spent  on  weather  stripping 


15. 


will  realize  a  savings  in  fuel  cost  of* 
11).    Thus,  capital  payback  will  be  about 
2.6  years.  > 
2 . 3  years . 
1,6  years.  m 
3 . 2  years , 


(ItenT 


a. 
b! 
c. 

d. 

On  the  following  page,  Figure  3T  shows  diagrams  of 
various  HVAC  systems.     Identify  each  System  by- entering 
"the  corresponding  letter- beside  eacTT^t^mT'  7 


Dual  Duct 'System  k 
Fan  Coil 'System 
Induction  System 
Variable  Volume  System 
Multi-Ztffte  System" 
J5plit  Syste 

item 

Nation,  Single  Zone 
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EXHAUST 


OUTSIDE 
AIR 


a. 


RETURN 
AIR 


conditioned 

/  SPACE. 

X\.%+-  ROOM 
AIR 


COMPRESSOR-—^ 


•^5  ***********  ** 

A  SUPPLY 
O  .  AIR 


CONDENSING 
SECTION 


EVAPORATOR / 


KXH 


RETURN  AIR 


-HEATING  SECTION 


*  EXHAUST* 


FAN 


^  ,  RETURN 
\  ^  AIR 

CONDITIONED 
*  SPACE 


OUTSIDE 
AIR 


®J  r  \  a 

COOUNG  HEATINd 
COIL  tCOIL 


Exhaust 


OUTSIDE 
AIR 


CONDITIONED 
SPACE 


COOUNG 
COIL 


EXHAUST 
i 


s>  ,  return' 
\  <— :  air 


FILTER 

COOLING  COIL      HEATING  COIL  SECTION 


OUTSIDE 
AIR 


OR  CONDITIONED 
SPACE 


(r-  ^ 


SUPPLY 
AIR 


RETURN 
AIR 


HEATING  OR 
COOUNCfCOIL 


SUPPLY 
AIR 


EXHAUST 


HEATING  COIL 


OUTSIDE  Alfll  (6§)  ^_R£fuRN 
(OPTIONAL?  ^  J  A,R 


OUTSIDE 
AIR 


COOUNG  COIL 


.  RETURN  AIR 


.CONDITIONED 
SPACE 


Figure  3T.    Diagrams  of  HVAC  Systems 
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ENERGY/TECHNOLOGY 

CONSERVATION  AND  USE 


ENERGY  AUDITS 


MODULE  EA-07 
AUDITING  HVAC  SYSTEMS  -  PART  H 


CENTER  FOR  OCCUPATIONAL  RESEARCH  AND  DEVELOPMENT 


A  "I 

£  1 


INTRODUCTION 


"Auditing  HVAC  Systems,-  Part  II"  discusses  cooling 
equipment  and  includes  materials  on  energy-efficiency  main- 
tenance procedures.     The  equipment  discussion- 'is  followed 
by  material  on  HVAC  energy  conservation* practices .  Finally, 
the  module  contains  energy  efficiency  guidelines  for  select- 
ing new  or  replacement  HVAC  equipment. 


PREREQUISITES 


The  student  should  have- completed  Module  EAr-06,  "Audit- 
ing HVAC  Systems  -  Part  I." 


OBJECTIVES 


Upon  completion  of  this  module,  the  'student. should  be 

able  to:  ft 

1, "     Define  and  describe  refrigerant  equipment  components 

£  *  4 

and  their  rolfcs  in  the  cooling  process. 

2,  Discuss  maintenance  of  each  component  of  refrigerant ' 
equipment',  v*  •  • 

3 ,  Discuss  energy-efficiency  maintenance  'procedures  for 
each  type  of  heating  equipment, 

4,  Discuss  HVAC  conservation  practices, 

5,  Discuss'.guideline^ -for.  selection  of  new  HVAC  .equipment, 


9 
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.   SUBJECT  MATTER 


COOLING  AND  VENTILATION:     REDUCING  ENERGY  CONSUMPTION 

Methods  for  reducing  energy  consumption  for  cooling 
and  yentilation  can  be  classified  in  the  same  major  cate- 
gories as  for  heati^y?  -and  ventilation:  j 

•  Reduce  building  cooling  load,      •  . 
 ■  Reduce  disn^^l"?nr~3yTrejta  load:,  ~ 


Increase  efficiency  or  performar/ce  of-  the  primary 
energy  conversion  equipment"  ■ 


BUILBING  COOLING  LOAD 


'Two  components  determine  the  building  cpoling  load: 
sensible,  (dry)  heat  .and  latent  heat  (a  function  of  heat 
content  of  the  moisture  in  the  air),     (Building -cooling  load 
is  used'to. identify  the  loads  to  maintain  interior  conditions 

'  apd  should  not  be  confused  with  room  loads,  which  is  standard 
terminology ' for  building  loads  not  including  the  ventilation 
load.)    \ti  maintain  comfo-rt/  the  dry-bulb  temperature  (sen- 
s-tM-e-frea-t}  and  .the-relative  humidity,,  or  wet-bulb  tempera- 
ture (latent  heat),  must  be  controlled.    "Fox  most  comfort 
cooling  installations,  air  is  dehumidified  when  it  is  cooled; 
-  thefefore,  separate  control  of  the  relative  humility  is  not  . 
usually  required,  v 

-  .  The  average  temperature  difference  between  indoor  and 

..outdoor  conditions  is  one  factor  that  defines  the  sensible 
Heat  gain  part  ion  of  the  annual  building  load  v  *  Tiros  load 
can  be  reduced  by  maintaining  higher  indoor  temperatures  for 


as  long  as  possible  during  the  cooling  season,  when  further 
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operation  of  the 'mechanical  refrigeration  system  would  be 
required  to  maintain  a  lower  temperature,    *When  the  sensible 
heat  gain  is  .decreased,  tjje  amoiint  of  cool  supply*  air  can 
be  reduced  accordingly  to  realize  additional  energy  savings 
in  fan  horsepower. 

Cooling  load         in  part,  due  to  conductive  heat  gain 
from  outdoors  to  irvdooTs  through  the  J^iilding  envelope. 

The* average  difference  in  temperature  between  indoors  

and  the  exterior  surfaces  of  the  walls. and  roof^depends  upon 
-outdoor  dry-bulb  temperatures  and  the  amount  of  solar  radia- 
tion impinging  upon  the  outside  walls  and  roof  and  warming 
them  to  a  level  (termed  Msol-airM  temperatures)  that  is  most 
often  a,bove  ambient-temperatures.    To  conserve  'energy ,  the 
f ef rigeration  system  and  its  auxiliaries  (chilled  water  and-' 
condenser  ,water  pumps,  cooling  .towers ,  and  air-cooled  con- 
densefs)   should  Jpe  shut  off  during  unoccupied  hours.  'During 
occupied  peridcls,  a  dry-bulb  temperature  of  78°F  or  higher 
should  he  maintained.       ,  * 

Maintaining  even  higher  temperatures,  in  te^s  critical 
spaces  will  conserve  more  energy.     The  relative  humidity  in" 
a  building  is  usually  45°  fo  50.°. -    However,  considerable 
energy  will  be  conserved  if  this  level  is  permitted  to  rise 


to  551  or  to  fluctuate  normally  within  the  limits  set  by  the 
refrigeration  system's  ability  to  maintain  wet-bulb  tempera-" 
tures.     TKe  system  requires  power  to  remove  moisture  that 
originates  from  internal ^loads  and.  from  outdoor  air  as  it 
infiltrates  and/or  ventilates  the  building.    Table  1  lists 
the  recommended  cooling  season  indoor,  temperature  and  humid- 
ity levels  for  commercial  buildings"  and  retail  stores. 
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TABLE  1>  RECOMMENDED  COOLING  SEASON  INDOOR 
TEMPERATURE  AND  HUMIDITt , 


Commercial  Buildings 


Officps 

 Coxridors--- 

Cafeterias 


Auditoriums 
Computer  Rooms 
Lobbies  • 

Doctors1  Offices  k 
Toilet  Rooms 

Storage,  Equipment  Rooms 
Garages 


Retail  Stores 

Department  Scores 
Supermarkets 
Drug  Stores 
Meat  Markets 
Apparel 

Jewelry,          *  - 
Garages  


Occupied  Periods 

Minimum 
Dry-Bulb.  Relative  v 

Temperature*  Humidity 


55% 

Uncontrolled- 
55% 
50% 

As  needed  • 
60% 
55% 


78° 

Uncontrolled — 
75° 
78° 
75° 
82° 
78° 
80° 

Uncontrolled 

Do,  not  cool  or  dehumidify 


Occupied  Periods 

Dry-Bulb  Relative 
Temperature 


80° 
78° 
80° 
78° 
80° 
80° 
Do  not  cool 


Humidity 

w    5  5%' 
55% 
-  55% 
»S5  ft 
55% 
55% 


*Excep't  where  .terminal  reheat  systems  are  used, 


Heat  gain,  a  term  used  to  quantify  the  amount  of  heat 
added  to  a  space,  is  an  addition  to  the  cooling  load  and 
must  be  removed  in  order  to  maintain  the  desired  space  con- 
ditions.     Solar  heat  gain  through  windows  frequently  con- 
stitutes a  major  portion  of  the  sensible  heat  in  building 
cooling  .load.     The  benefits  -from  using  sunlight  to  reduce 
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the  heating  load  in  winj^r  are  considerable,  but  the  sun 
must  be  blocked  out  in  the  summer.     Solar  control  devices 
can  be  adjusted  to  either  accept  or  block  sunlight  to  reduce 
energy  consumption  year-round,  • 
Just  as  yentilation  and  infiltration  add  to  the  heating 
load  in  winter,  they  also  increase  cooling  load  in  summer. 
Outside  air  must  be  cooled  and  dehumidified.  Maintaining* 
higher  indoor  t.empex^ures__ptnA_Iiel-aiivLe  humidity,  reduces 
the  cooling  load  contributed  by  infiltratipn  and  ventilation, 
as  well  as  conductive  heat  gains.     However,  whenever  outdoor 
air  is  cool  .enough'  to  lower  indocJr  temperatures,  it  may  be 
advantageous  and  energy  conserving  to  cool  or  pre-cool  the 
-building  at  night  (using  an  economizer  cycle)  without  me- 
chanical' refrigeration,  "  When  the  wfe^-bulb  (WB)  temperature 
of  the  outdoor  air  is  lower. than  the  WB  temperature  of  the 
return  air  from  the  interior  spaces,  an  enthalpy,  controller 

L 

will  open  the  outside  air  dampers  and  close  the  return  air 
dampers  to,  take  in  1001  outdoor  air.  The  controller  saves 
power  for  the  refrigeration  system,  >  Internal  heat  gains  — 
heat  emitted  from  electric  lighting  fixtures,  business  ma- 
chines, motors,  cooking  equipment,*  and  people  -  form  a  large 
part  of  the  total  cooling  load. 

Reducing  the  building  cooling  load  by  a  fixed  percen- 
tage allows  farther  savings  of  energy,  since  distribution 
loads  can  be  decreased  accordingly,  .  A  reduction  in  the*  flow 
of  cool  air,  or  chilled  water  to  meet  the  Reduced  load  and 
an  increase  in  the  suction  temperatures  at  whic}i  the  refrig 
eration  chillers  or  compressors  operate  (improving  their 
coefficient  of  performance)  will'' result  in  significant 
savings  -  less  horsepower 'per  ton  of  refrigeration,  as  well 
as  less  tons  to  be  produced.       '  , 
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DISTRIBUTION  SYSTEM  LOADS 


The  distribution  system  may  carry  chilled  water  to 
units  in  the  spaces*to  be^conditioned  (fain  coil,  induction* 
or  small  ^.air-handling  units)  or  t'o  .remote  air-handling  units 
/that  supply  air,  via  ducts,  to  local  registers  and  diffusers. 
In  some  systetos,  the  compressors  discharge  a  vaporized  re- 
frigerant  to  a  condenser.     When  the  vaporized  refrigerant 
is  condensed  to  a  liquid,  it  is  allowed  to  expand  directly 
ill  a  cooling  coil  ,that  cools  or  dehumidifies  circulating 
air.     In  all  cases,  air  may'be  circulated  from  the  condi- 
tioned space,  from  outdoors,  or  from  a  mixture  o£  both.  Air 
is  supplied  after  it  is  filtered^  cooled,  and  dehumidified 
-in  the  air-handling  unit  or  air-handling  section  of  the  air 
conditioning  system , 

Piping  and  duct  losses  (heat  gain  and  water  or  air 
leakage)   increase  distribution  loads.     The* increased  dis- 
tribution load  increases  the  load  on  the  primary  energy, 
conversion  equipment/     (See  Module  EA-06,  "Auditing  HVAC 
Systems  -Part  I,"  for  energy  'conservation  opportunities 
and  guidelines  to  reduce  distribution  system  losses.) 


PRIMARY  ENERGY  CONVERSION  EQUIPMENT 

Energy  is  used  to  supply  the  building  cooling  and 
distribution-  loads.     In  the  form  of  heat,  energy  operates' 
absorption  refrigeration  units;  as  electricity,  energy 
operates  reciprocating ,  centrifugal,  or  screw- type  compres- 
sors and/or  chillers.     The  refrigeration  equipment  produces 
either  ^chilled  water  or,  in  the  case  of  direct  expansion 
refrigeration  units  with  air-handling  units,  cooled  "S!Wy 
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dehumidified  air.     (Note:-    Refrigeration  equipment  is  often 
termed  the  ffhighM  side  of  the  refrigeration  cycle.)  The 
air-cooled  or  water-cooled  condensers  of  the  refrigeration 
equipment  control  the  condensing  temperature  of  the  system. 
The  lower  the  condensing  temperature,  the  more  efficient 
the  refrigeration  system/    The  manner  and  Conditions  under_ 
which  air-cooled'-6!ojid^nserS'  or  evaporative  condensers  with 


cooling  towers  /are^dperat^~exert 1  a  significant  influence 


on  the  energy  g&q$$£~ed  to  run-  the  refrigeration  units.  The 
efficiency  of^tli^  refrigeration  system  is  expressed  as  a 


coef^f  i-cien0^  jjfeflrf  ormancg-  (COP) . 

The  capacity  of  the,;syst£m  is  measured  'in  tons  of  re- 
frigeration; one  ton  wrkl  produce  a  cooling  effect  equal  t'o 
12  ,000  Btus/hour.   "Seasonal  COP  is  the  ratio  of  -the  tons  .of 
refrigeration  pfod^ed /expressed  in  Btus,  to  the  energy 
required  to  operat>ev*Ite  equipment,  also  in  Btus.     If  one 
kilowatt-hour  of J&lectricity  (equivalent  to  3,412  Btus}  is 
required  to  produce  one  ton  of  refrigeration  (12  ,  000  Btus.), 
the  COP  is  12,000  f  3*,  412  =3.52.     To  improve  the  COP  .(re- 
duce energy  usage),  condensing  temperatures  must  be  lowere^ 
and/or  suction  temperatures  raised.     The  opportunities  to 
d.o  either  depend  upon  load  reduction  and-upoTr^operatd:an_aTid 
jnaintenance  of  equipment.     The^fopportunities  to  improve  COP 
by  .reducing  distribution  loads"  are  outlined  in^^dule'  EA-06- 

-    ENERGY  CONSERVATION  OPPORTUNITIES 


^  Energy  can  be  saved,  by  turning  the  air  conditioning 
system  OFF  at  night  and  during  days  when  the  building  is' 


unoccupied.     Energy  can  also  be  saved  by  mdnu^ly  shutting 
down  cooling  or  condenser  fahs,  chilled  water  and  condenses 
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pumps,  and  supply  and  exhaust  fans,  as  well  as  chillers  or. 
compressors. 

If  the  cooling,  tower  fans  and  pumps  are  interlocked 
with  compressors,  they  will,  turn  OFF  automatically  when  the 
compressdrs  are  OFF,     It  is -best  to  shut  down  boilers  that 


supply  steam  or  hot  water  to  absorption  units;  boiler  water 
temperature  or  steam  pressures-should  not  be  maintained  when 
absorption  units  are  inoperative.     If,  after  shutdown,  the 
air  conditioning  system  isndt  capable  of  achieving  and  main- 
taining temperature  and  humidity  donditions  in  hot  spells', 
a  control  to  activate  the  equipment  a  few  hours  before  occu- 
pancy should  be  installed  instead  of  operating  the  ^ystem 
all  night  or  throughout  the  weekend. 

In  geographic,  areas, (  such  as  parts  of  Arizona  or  Cali- 
fornia, with  a  large  diurnal  swing  (large  temperature  dif- 
ference- Within  24  hours) ,  night  operation  of  the  refrigera- 
tion system  for  periods  of  the  summer  may  Jbe  ectfnomical. 
If  climatic  conditions  at  night  permit  lower  condensing  tem- 
peratures, an  analysis  should  be  made  to  determine  whether 
energy  can  be  saved  by  operating  the  refrigeration  system^ 
^t  night;  to  pre-cooi  -the-building  or  .to  store  chilled  water 
.in  the  piping  system. 

An  engineering  and  economic  analysis,  comparing  refrig- 
eration operation  and  economizer  cooling,  is  necessary  to 
determine  which  method  will'4  produce -minimum  energy  consump- 
tion. 

When  Aighttime  outdoor  temperatures  are  below  indoor 
temperatures  by  5°  or  morfe,  shutting  off  the  refrigeration 
system  and  using  outdoor  air  for  night  cooling  will  save 
energy  in  most  geographic  regions.     Opportunities  to  use 
outdoor  air  for  cooling  during  unoccupied  periods  dtepend 
upon  the  length  of  time  that  the  outdoor  air  temperature  is 


ERLC 


EA-07/Page  9 


V 


below  73°F.  *  In  most  areas,  there'will  be  no  advantag 
bringing  in  outdoor  air  above  that  temperature;  heat 
the  fan  motors,  will  raise  the  air  temperature '  2°  to  3 
The  power  required  to  drivje  the  fans  will  outweigh  any 
-savings  due  to  pre-coolipg}  thereby  reducing  operation  of 
the  refrigeration  system.  ^The  temperature  at  which  outdoor 
air  cooling  is  advantageous  may  be  even  lower  in  large 
buildings  with  high  velocity  systems,  since  the  power  re- 
quired for  fan  motors  in  these  systems  is  higher.  However, 
in  buildings  that  have  operable  windows,  night  cooling  — 
even  at  higher  outdoor  air  temperatures  —  is  worthwhile, 
as*  fan  , motors  need  not  be  operated. 

If  the  dry-bulb  temperature  of  the  outdoor  air  is  above 
indoor  temperature,  the  wet-bulb  temperature  of  the  outdoor 
air  can  be  higher  thdn  the  room  wet-bulb  femperature There 
Aay  be  periods  when  air  at  higher  wet-bulb  temperatures, 
introduced  directly  into  spates  that  have  been  cooled,  during 
the  day,  will  cause  condensation  on  walls  or  furnishings. 
Maintaining  higher  space  temperature  conditions  (78°F  and 
above)  will  minimize  the  amount  of  time  condensation  can 
occur  and  nearly  eliminate  the  constraint  in  -fliost  geographic 
locations.     Even  in  humid  climatic  zones,  wet-bulb  tempera- 
tures "-above  7^*7  occur  for  relatively  few  hours  at  night. 
The  need  to  limit  economizer  operation  exists  only  during  ' 
those  hours .  J 

Where  there  are  no  automatic  controls  to  operate  an 
economizer  cycle,  dampers  and  fans  should  be  operated  manu- 
ally, ox  controls  installed.  4 

To  fully  utilize  outdoor  air  for  cooling,  it  may* be 
necessary  to  install  return  air  and  outdoor  air  dampers  and 
provide  a  means  of  relieving  air  pressure.     Some  possible 
options  include  partially  opening  some  windows,  operating 
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an'ea/liaust  system^  or  installing  some  propeller-type  exhaust 
fans  in  the  wall.     Refer  to  Guidelines  for  Saving  Energy  in 
Existing  Buildings  (see  references)  for  more  details  on 
economizer  or  efithalpy  control*. 

During  occupied  periods,  the  opportunities  to  use  out- 
door air  for  cooling  depend  not  only  upon  outdoor  dry-t/ulb 
temperature,  but  also  upon  the  Wet-bulb  temperature.  If 
outdoor  air  is  brought  into  the  building  above  66^*WB,  the 
equivalent  to  the  wet^ulb^temp^atlire  is  a  measure  of  the- 
total  heat  content  of  the  air.     If  the  wet-bulb  temperature 
is  lower  than  6(L°F,  outdoor  air  can  be  introduced  through 
the  cooling  coil\  with  the  refrigeration  system  in,-  operation 
in  any  quantity.     At  less  than  66°F  WB ,  outdoor  air  will 
reduce  the  j  cooling  load.     However",  for -many  existing  systems 
(even  when, the  temperature  of  outside  air  is  less  than  66°F 
WB) ,  the  cioling  coils  are  not  designed  to,  handle  outdoor 
air  at  temperatures  above  85°F  DB  and  still  maintain ; room  * 
conditions  at  78°F  DB,  despite  the  fact  that  outdoor  air" at 
less  than  ()6°F  WB  actually  has  a  lower  total  heat  content 
than  room  air.     figure  1  indicates  the  number  of  wet-bulb 
degree' hours  below  66°F  WB'  when  the  dry-bulb  temperature  is 
less  than  &5°F  in  the  summer.     If  a  building  is  located  where 
there  are  |3000  or  more  such  degree  hours,  an,.  entffiaO^y  con- 
troller idj  a  good  investment.  .  On  a  seasonal  basis,  (Denver, 
Colorado ,  j  has  low  wet-h^Lb  temperatures,  and  it  lgould  be  more 
economical  to  utilize  pB*  outdoor  air  through  the  air  con- 
ditioning^ coils  in  the  daytime,  rather  than  to  recirculate 
the  air.'/  However,  summer  outdoor  dry-bulb  temperatures  '  in  * 
Denver  often  rise  above  90°F.     If  the  existing  coils  have 
not  been  selepfred/to  reduce  the  temperature* of  outdoor  air 
at  those  times,  they  will  be  incapable  of  handling  the  con- 
duction, solar,  and  internal  heat  gains  that  occur.  To 


y 
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Figure  1.     Annual  Degree  Hours  Dr^-Bulb  Temperature 

Greater  Than_^,T7> 

conserve  energy  in  this  climate,  the  outdoor  air  damper 
should  be  , fully  opened,  except  when  indoor  dry-bulb  tempera- 
ture cannot  be  maintained.     Operating  systems  manually  to 
reflect  temporary  conditions  and  conserve  energy  is  sometimes 
difficult ,  but  the  effort*  yields  significant  savings ,     £uto-  *" 
matic  cdntrols  are  available  to  optimize  the  operation  of 
most  systems  and  to  meet  Varying  and  selective  conditions. 

Indoor  temperature  and  relative  humidity  levels  should, 
be  increased  during  occupied  hours,     (With  terminal  reheat 
systems  in  operation,  the  indoor  space  conditions  should  be 
maintained  at  lower  levels  to  reduce  the  amount  of  reheat  and 
save  energy.     If  cooling  energy  is  not  required  to  reduce  the 
temperatures,  74°F  DB  insteadof  78°F  should  be  maintained,) 
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The  air  conditioning  systems  in  many  buildings  were 
..designed  to  maintain  72^°  to  75°F  DB  and  50%  RH  during- peak 
loads  in  the  cooling  season.     Systems  are  operated  to  main-, 
tain  those  levels  at  p^eak  conditions  and  to  achieve  even  , 
lower  levels  durirtg  the  part-load  conditions  that  occur  most 

.o£-  the^time^  L_" — —         —   * 

*  Dry-bulb  temperature  and  relative  humidity  fpr  various 
spaces  should  be  maintained  at  the^ levels  suggested  in  Table 
1  to  reduce  the  cooling  load  and >energy  and  operating  costs. 
Even  greater  savings  Can  .be  realized  -  without  serious  dis- 
comfort -  by  maintaining  higher  levels  in  areas  that  are  ^ 
occupied  only  for  short  periods  of  time.     If  unoccupied 
periods  in  these  areas  exceed  60%  'of  the  day,  the  cooling 
unit's  should  be  turned  OFF  or^  registers^  grilles,  and  dif- 
fused closed.     Temperature  and  humidity  should  be  allowed 
to  rise  when  the  areas  are  unoccupied.     (Auditoriums,  cor-  « 
ridors,  cafeterias,  and  conference  rooms  are  all  spaces 
frequently  unoccupied  for  most  of •  the  'day.)    -Increasing  the  • 
indoor'temperature  and  humidity -levels  from  74°  DB  and  50% 
m  tO-7A°_DB^and  551  MUtiJUL  save  approximately  13%  of  the 
energy  required  for  cooling.     The  exact  amount  depends  upon 
the  amount  of  ventilation  air  an'd  infiltration  that  enters* 
the  bfirldfng;  the  conduction  losses,  solar  neat  gain,  and < 
internal  loads  pf  the  building;  and  the  type-6f  air  condi- 
tioning system  the  building  has.    The  multipliers  in  Table  2 
can  be  used  to  determine  the  amount  of  energy  saved  (in  Btus 
per  hour)  /per  1000  cubic  feet*  per  minute  (cfnv)  of  outdoor 
3dr  (ventilation  plus • infiltration)  by  raising  the  dry-bulb 
temperatures  at  constant* relative  humidities,     (All  other 
factars  are  considered  constant.     Since  the  effect  ol  raising 
the  dry-bulb  temperature  .on  conductive  heat  gain- is  actually 
negligible,  it  has  been  disregarded  her£„ )       (p-  1 

\ 
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TABLE  2.     SAVINGS  ACHIEVED  BY  RAISING  INDOOR 
DRY-BULB  TEMPERATURE.* 


9 

Drv-Bnih  Tpmnpffltnrp 

Relative  Humidity 

*  •* 

50% 

.  601 

70% 

* 

« 

• 

72?,F 

o  • 

.0" 

0  - 

?3oF  C 

2700- 

2433 

3000 

74°F  ' 

^2657  ■ 

^2400" 

3257 

» 

.  75°F 

-  3000  . 

2572 

3000.  ' 

76?F 

3000 

2572 

■  3^000 

* 

77.°F  • 

• 

'3000 

2572 

34  29 

V 

9 

78°F 

3000  . 

2572^  - 

'3429  ' 

t 

*Sayings  are  expressed 

in. Btu/hr/1000  cfm. 

*  $  ' 

t 

8> 

0 
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'GUIDELINES  TO  REDUCE  ENERGY  USED  FOR  COOLING 


The  following  are  guidelines  to  employ  in  reducing 
cooling  energy.  ,  ^ 

1.      Use  outdoor  -air  for  cooling. 


mtdoor  air  for -economizer  cooling  whenever  the 
enthalpy  is  lower  than  room  conditions  during  .occu- 
pied  periods,  and  whenever  the  dry-bulb  temperature^ 
is  5°F  lower  than  indoor  desig-n  cond-itioas*  during 
Unoccupied  periods.     (If  the  dry-bulb  temperature 
is  only  2°  lower  than  ;room  temperature,  heat  from 
absorbed  f an  horsepower  will  eliminate  the  value  of 
outdoor  aix  cooling.) 

Use  operable  windows,  without  fan  operation.,  for 
outdoor  air  cooling.     Outdoor  temperature . during 
unoccupied  periods  should  be  beld^^oom  DB*,  and_ 
during  occupied  periods  be/low  room  . D&  and  WB  condi- 
tions.    (Ifnf avorable  acoustics  and  air  quality  may 
preclude  implementation"  o*jr  this,  option* ) 
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If  cool  outdoor  air  is  available,  consider  cooling 
the  building  well  below  normal. during  the  night  and 
early  morning  hours  preceding  any  day  that  is  ex-,  - 
pected  to  be  extremely  hot. 

Whenever  the  volume  of  outdoor  air  is  increased  for 
economizer  cooling,  and  if  there  is  no  exhaust  sys- 
tem that  can  handle  an  equal  quantity  of  air,  pro- 
vide pressure  relief.  ^ 

Reduce  ventilation  rate  during  the  cooling  season. 

Refer  to  guidelines  in  Table  3  to  4reduce  ventilation 
rates  during  the  heating  season. 


TABLE  3.     VENTILATION  GUIDELINES. 


Oxygen  Supply 

3  cfm/person 

Cafeterias  . 

10-12  cfm/person 

Smoking  Areas 

25-40  cfm/person 

Odor  Control 

5  cfm/person 

Toilet  Exhaust 

10-15  air  changes/hr 

Corridors 

2  ait  changes/h\. 

•  When  ,the  enthalpy  of  the  outdoor  air  (on  a  seasonal 
basis)   is  lower  than  room  conditions,  outdoor  air 
dampers  should  be  'fully  opened.     Close  them  only  at 
times  when  the  enthalpy  of  the  outdoor  air  is  higher, 
or  dry-bulb  temperature  of  outdoor  air  is  above  85°F. 

/  N, 

•  Check  local  and  state  codes-  to  determine  if  ventila- 
tion rates,  can  be  legally  lowered  when  spaces- are 
air  conditioned. 

Do  not  reduce  ventilation  rates  when  outdoor  air  can, 
be  used-  for  economizer  or  enthalpy  cooling. 

Reduce  infiltration  rates  during  the  cooling  season. 

•  Before  inventing  any  money  to  reduce  infiltration 
rates,  -perform  an  analysis  for  both  heating  and 
cooling.  * 


* 
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•  f.  Whenever  infiltration  rates  are  reduced  for  winter 

conditions',  additional  benefits  atcrue  from'  reducing 
the  cooling  load  in  the  summer. 

In  areas  of  the  country  thajt  experience  fewer  than 
10,000  we$-fcrulb  degree  hours,  energy^  conserved  by 
weather  stripping  windows' and  doors  and/or  caulking 
window^frames  does  not  'generally  Justify  the  cost'. 
In  climatic  zones  that  experience  a  greater  number^ 
of  wet-buib  degree  hours*  make  an  engineering  analr 
ysis  of  weatter  .stripping  and  caulking  to  reduce 
cooling  loads;  '  „>      t  - 

The  rate  of  infiltration,  in  stores  through*  door 
-  openings  may  be  considerably  higher  than  leakage 
through  windows  or  cracks.  / 

>v     Refer  .to  Module  EA-06'for  additibnal  (guidelines.. 

Control  so^ar  heat  gain.    .  x   *   *  , 

-  *t 
In  hot  weather,,  adjust  existing  blinds,  drapes, 
^hutters ,  or  other  shading  devices  on  windows  to 
prevent  penetration  of  solar  radiation  intto  the  .  * 
*   buildin'g.-    (In  the  case  of  certain  types  of 'shading 
devices,  this' modification  may  conflict'*  with  require- 
ments to  utilize  natural  „i Humiliation ;  an  engineering  " 
analysis  of  relative  energy  consumption  due  to  solar"** 
radiation  loads  versus  artificial  illumination  ±&acfts~~ 
may  be  '  required .  )* 

Install  blinds,  drapes,  shutters,  or  other  shading 
devices  on  the,  inside  t>f  all  south,  east,  and. west 
facing  windows  that  are  subject  to  direct  sunlight 
in  hot  weather  and/or  exposed  to  a  large  expanse  of 
sky.     (Fife  co.des  may  limit  /the  use  of  some  materials. 
Where  dependent  on  natural  light,  do  not  reduce       -  - 
available  light  below  statutory,  limits . ) 
t 

•  *  Us ev lightweight  drape.s  t.hat  have  reflective  proper- 
ties for. effective  solar  radiation  control.  .(Again, 

check  fire ' codes  before  'select ing  appropriate  mate- 
rial.) .  ■  ' 

•  Use  vertical  or  horizontal  reflective  blinds.  (Vei^| 
tic-al  blinds^  or*-  louvers  generally  are  most  effective 
on  the  west  and  east  ?ides  of  a  building;  horizontal 
blinds  are "most  effective, on  the  south  side.)  ^ 
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•    Add  reflective  film  costing. to  the  inside  surface 
of  glazed  areas  on  the  south,  west,  and  east  windows. 
(Where  dependent  on  natural  light,  refer  to  occupa- 
tional regulations  or  health  and  safety  codes  before*^ 
drastically  reducing  light . )  i 

Note;     Reflective  mylar  sheets  (or  rolls)  and.plexi-  ' 
glass  sheets  are  available  frop  many  manufacuters  at 
relatively  low  cost-.     Not  only  do  they  help  control  • 
solar. radiation,  but  they  may  also  increase  the  strength 
and  resistance  of  glazed  areas.     The  thicker  materials^ 
are  good  wind  insulators  -  a  1/4-iiich  sheet  of  plexi- 
glass is  as  good  as  »a  sirj^le  pane  <yv  glask.  Available 
in  different  colors,  the  films  allow  a  maximum  trans- 
mission of  from  55  to  90  "Btus/hr'/sq  ft,  depending  on 
quali-ty  and  make;     The  maximup  heat  transmitted  in  Btu/ 
hr/sq  ft  for  a  clear  single' pane  of  glass  i§  ,215  Btu/ 

. hr/sq  ft.     The  films  transmit  9  to  33  .percent  of  the 
visible  light  spectrum  and  reflect  50  to  7£  percent  of 
the  solar  radiation  .that  strikers  them. 

For  example,  ^reflective  coating  on  the  south,  east, 
or  west  exposure  glass  that  reduced  solar  radiation  by  - 

.-50  perceirt  would  save  from  30  ,000  to  50  ,000  Btus/sq  ft 
window  per  seapsn  (in  hot  weather)  in  energy  required  . 
for  space,  cooling.     (Jhe  value  is  higher  in  northern 
latitudes  and  lower  in  .southern  latitudes  because  of 
the^angle  of  the  sun  striking  vertical  surfaces.)  The 
cooling  load  can  -be  reduced  by  about  3  ton'hours/sq  ft 
of  glass  per  year  by  prope-f^se  of  shading  devices?*, 
In  southern  climates,  thegnorth  facing  glass  can  receive 
a  surprising  amount  of  diffuse  solar  radiation.     If  heat 
gain  from  north  windows  is  excessive,  treat  them  simi- 
larly to  the  other  exposures. 
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It  is  not  cost-effective  to  add  storA  sash  solely 
•    to  reduce  solar  heat  gain.  -  . 

Skylights  oh  a  roof  transmit'  between  two  and  four 
times  as  much  solar  heat  in  the  summer  as  an  equal 
area  of  east  or  west  f acing  . glass .  '  Exterior  solar 

^control  over  skylights  is  most  ef f ective , - and  per- 
mits solar  radiation  and  daylight  to  enter  when 
desirable.     Interior  shades  with,  mylar  reflective 

'coatings  reduce  solar  heat  gain  in  the°summer  by  up 
to  80%.    White  paint  on  the  exterior  of  skylights, 
Venetian  blinds,  or  sun  screens  can  also  #be  employed 
to"  reduce  solar  heat  gain.' 

•     Do  not  prune  trees  that  shade  the  building  in  the 
summer-.  ' 

Reduce  internal  heat  gain.  •  * 

Turn  off  unnecessary  lights  and  heat-producing 


equipment .( 

Reduce  lighting  levels  by  removing  lamps 
Module  "EA-05  j  "lighting  Systems. 11 


See 


Exhaust  the  heat  from  ovens,  ranges,  and  motors 
directly  outdoors  when  t-he  enthalpy  of  fhe  outdoor 
make-up  air  is  lower  than  the  enthalpy  of  the  spafe. 

Insulate  hot  .surfaces  of  tanks,  piping,  and  ducts 
that  are  in  air  'conditioned '  spaces  .. 

Disconnect  dry-type  transformers  that  are  in  condi- 
tioned spaces  when  there  are  no  operating  loads. 

Reduce  conductive  heat  gain  through  the  building 
envelope .  *  * 

In  climates  without  a  significant  heating  season, 
adding  a  storm  *sash  or  double  glazing  'is  not  usually 
economically  feasible.  *  ■ 

Do  not  confuse  solar  radiation  heat  gains  through 
windows  with  conductive  .gaJLns  .     Solar  radiation 
control  cannot  be  fc  ijeglected. 
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Make  an  engineering  and  economic  analysis  before 
insulating  walls  or  roofs,  installing  a  roof  spi;ay, 
or  treat ing *  exterior  .surfaces  to  increase  emissivity. 

•  -Insulate  roofS,  or .ceilings  below  "roofs,  that  have  a 
"U  factor  of  greater  than  0.15  to  imprpve  the  U  factor 

to  0.06.     (The/ U  factor  indicates  the  rate  at  which 
heat  flows  through  a  specific  material  or  a  building 
section,) 

Conserve  energy  by  operation  and  maintenance . 

a)  Increase  evaporator  temperature. 
Raise  supply  air  temperature*. 
Raise  chilled  water  temperature. 

Operate  one  of  multiple  compressors  and  chillers,  at 
full  load,  rather  than  two  or  more  at*part  loads. 

Maintain  full  charge  of  refrigerant. 

Maintain  evaporator  heat  exchange  surfaces  in  clean 
condition; 

Maintain  higher  relative  humidity  levels  in  air'> 
conditicmed  space. 

See  Module  EA-06  for  specific  measures  that, will, 
result  in  lower  evaporator  temperatures  and  for 
measures  to  re-schedule  chilled  water  'temperatures . 

b)  Reduce  condensing  temperatures. 

•  Clean  all  condenser  shells  and  tubes. 

Clean  all  air-cooled  condenser  coils  and  fins  on  a 
regular  basis  with  domp'ressed  air  or  steam-jets. 

.-Remove  obsttuctions  to  free  airflow  into  cooling 
\  tower  and  fans. 

•'    Direct  cool  exhaust  air  from  the  building  into  the 
'air'.intake  of  air-cooled  condensers  or  cooling  towers 
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Under  light  load  conditions,  when  the  refrigeration 
load  is  small  and  the  ambient  wet-bulb  temperature 
is  likely  to  be  low,  the  cooling  performance  of  the  * 
tower  will  exceed  the  needs  of  the  refrigeration 
machines.     Under  these  conditions,  the  cooling  tower 
fan  or  fans  can  be  cycled-  ON  and  OFF  to'  maintain  a 
desired  condenser  water  temperature,  thus  saving  the  -«~ 
horsepower  required  to  drive  the  fans. 

Adjust  airflow  and  water' rates  to  air-cooled  conden- 
'sers  and  cooling  towers  to  produce  the  lowest  possi- 
ble condensing  temperature.     Generally,*  the  savings 
in  refrigeration  power  will^  exceed  any  increase  in 
added  power  for  condenser  fans  or  pumps. 

Use  well  water,  if  available, 'for  condenser  cooling. 

Shade  cooling  towers  and  air-cooled  condensers  from 
,  .  direct  -suftlight. 

Remove  bacterial* slime  and  algae  from  cooling  towers, 

^  •     Institute  and  maintain  a  continuous  water  treatment 

program  ,for  cooling 'towers , 

•    At  partial  refrigeration  loads,  operate  cooling 
towers  as  natural  df^ft  towers  with  cooling  tower 
fans  turned  OFF,  v  ' 


Clean  and  de-scale  spray  riozzlefe,  and  de-scale  fill-  • 
ift  cooling  towers,      •        *  "  ■ 

*  *  • 

It  is  often  more  effective  to  operate  chillers  at 
full  load  in  the  morning  when  outdoor  wet-bulb  tem- 
peratures are  Iqw,  and  low  condensing  water  tempera- 
tures can  be  obtained  from  the  cooling  tower.  Then, 
use  the  machine  to  subcool  the  building;  turn  the  1 
chiller  OFF  when,  wet-bulb  temperatures  rise  and  allow 
the  building  temperature  to  drift  up.     In  large 
buildings,  the  extensive  chilled  water  piping  system 
provides  a  degree  of  thermal  storage, 

c)  Improve  the  efficiency .by  .  improved  maintenance 
practices. 

Repaid '.refrigerant  laaks , 

Lubricate  speed-reducing  gear  'boxes, v 
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•  Replace  worn  bearings. 

•  '  Maintain  proper  tension  of  V-belt  drives. 

Adjust  water  flow  control  valves  to  maintain  lower 
condensing  temperature^ . 

If  well  water  .is 'us  ed' for  -  condenser  cooling,  provide 
proper  treatment  to  prevent  scaie  buildup*. 

Clean  and  replace,  as  necessary,  all  strainers  to 
reduce  resistance  to  refrigerant  or  water  flow^. 

*f  Vfv    Selecp  a  water  treatment  system  for  cooling\towers 
*k  ,       that^allows  'high  cycles  of  concentration  ^suggested 
'**\  target  greater  than  10.7)'  and  reduces  blow-.down 
quantity.  •  ^ 

•  Maintain  boiler  and  burner  efficiencies  where  steam        *  ^ 
or  hot  water  is  generated  for  absorption  cooling 

units.     Refer  to  Module  EA-06. 

Many  or  most  of  the  options  listed  can  be  implement-ed 
by  the  building  maintenance  staff.     An  alternative, 
*    however,  would  *be  to  let  a  'service  .contractor,  with  an 
inspection  and  labor-type . service  contract,  service       K  % 
simple  ait  conditionihg"  and  fan  coil  unit-s  on  an  annual' 
fee  basis,  which  includes  costs  of  Jabor  (for* inspec- 
tion, maintenance,  breakdown  repair)  and  material  (such 
as  filters,  oil',  grease,  etc.).    -Typical- cost  considera- 
tioivcheckpjoints  and  actioij  for 'a  service  contractor 
might^be  the  'following :  ;  >     ^  #-  ^  ;  , 

•  Refrigeration  Equipment^  (Bigure  2)  *■   v  s 

Circuit  and  Controls:'  inspect  thfc.  moisture-liquid     .  . 
indicator  on  a. reguTaf  basis.  '  If  the  color  of  the  ^ ' 

refrigerant  indicates  ".wet,"  there  is  jnoisture  in 
th£  system."    This  is  a  particularly  critical,  problem 
because  it  can  .cause  .  improper  operation,  or  costly     .      .  ^ 
damage. t   A  cofopeten*  .mechanic  should 'be  called  in  to  * 
perform  necessary  adjustments. and  repairs,  immediately. 
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CONDENSER  • 


EXPANSION 


COMPRESSOR 


EVAPORATOR 

Figure  2,     Refrigeration  Diagram, 

Also,  bubbles  irTThe  refrigerant  flow, "as  seen 
through  the  moisture-liquid  indicator,  may  indicate 
that  the  system  is  low  in  refrigerant .     Call  in  a 
mechanic  to  add  refrigerant,  if  necessary,  and  to 
inspee^ equipment  for  possible  refrigerant  leakage. 

Use  a  leak  detector  to  check  for  refrigerant  arid  oil 
lealcs  around  the  shaft  seal,  sight  glasses,  valve* 
bonnet^,  fl.anges,  flai'e  connections,  the  relief  valve 
on  the  condenser  assembly,  and  at  pipe  joints  to 
equipment,  valves-,  arid  instrumentation. 

Inspect  the  equipment  for  any  visual  changes,  such 
as  oil  spo£s  on  connections  or  oil  on  the  floor  under 
the  equipment, 

Ittspt?ct  the  liquid  line  leaving  the  strainer.  ;  If 
It  fuels'  cooler  than  the  liquid  "line  enterijig\the  ■ 
strainer,  it^is  clogged.     If  it  is  -badly  clogged,  * 
,swe&t  or  frost  may  be  visible  at  the  strainer  outlet. 
Clean  as  Required.  -  v  _    *   .  * 


Observe  the  noise_  made  by  the  system!  ,  Any*unusual 
bounds,  can  indicate  a  problem,     Defcferminp , the  cause 
and  correct  the  problem. 

E$tift51ish  jiormal  operating  pressures  and  temperatures 
*£or  the  systemt     Check'all  gauges  frequently  to  en- 
sure that  design  conditions^  are  beting  met.  Increased 
sys teriLpresfeure  -ma^^-be  due  to  a  dirt/  condense*?, 
•  which  will  decrease  system  efficiency.    High  dis- 
■..  cJiarge  temperatures  of  ten  \re  caused  by  defective 
./or  broken  compressor  valves.  • 
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Inspect  tension  and  alignment  of  aii^belts  and  ad- 
just as  necessary. 


Where-  applicable,  lubricate  motor  bearings  \md  all 
moving  parts  according  to  the  manufacturer's  recom- 
mendations .  • 


Inspect  tke  insulation  on  suction  a^nd  liquid  lines. 
Repaid  as,  necessary. 

Compressor:     Look  for  unusual  compressor  operation, 
such  as  continuous  running  or  frequent  stopping  and 
starting.     Either  may* indicate  inefficient  operation. 
Determine  the  cause  and,  if  necessary ,. correct  the 
problem.  '  *  . 

Observe  the  noise  made  by  the "compressor ,  Excessive 
noise  may  indicate  a  loose  drive  coupling  or  exces: 
sive  vibration.     Tighten  the  compressor  and  the ynotor 
on  the  base.     If  noise  persists,  call*  a  competent 
mechanic.  ^  ■ 

Check  all  compressor  joints  for  leakage.     Seal  as 
necessary. 

♦ 

Inspect  the  purge  for  air  and  water  leaks.  'Seal  as 
necessary.    *  * 

%  r 

Inspect  instrumentation  frequently  to  ensure  that 
operating  oil  pressure  and  temperature  agree  w^trlT^ 
the  manufacturer's  specifications. 

*  * 

Air-Cooled  Condenser:'    Keep  the  fan  belt  drive  and 
•    motor  projjejly  aligned  and  lubricated. 

^  *     . Inspect  the  refrigeration  piping  connections  to  the 

condenser  coil  for  tightness.     Repair  all  leaks.  , 
% 

Keep  the  condenser  .coil  clean  to,  permit  proper  air- 
flow. * 

Determine  if  hot  air  is  being  bypassed  from  the  fan 
outlet  to  the  coil  inlet.     If  so,  correct  the  problem. 


v 


Evaporative  Conden'sei':  Inspect  piping  joints  and 
'seal  all  leaks . 

*  m 
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Remove  all  dirt  from  the  coil  surface  by  washing  it 
down  with  high  velocity  water  jets  or  a  nylon  brush* 

Inspect  ^fce  air  inlet  screen,  spray,  nozzle  or  water 
distribution  holes,  and  pump  screen*  Clean  as  nec- 
essary. 

Use  water  treatment  techniques  if  local  water  supply 
leaves  surface  deposits  on  the  coil, 

) 

.Follow  the  guidelines  for  fan  and  pump  maintenance . 

Water-Cooled  Condenser:     Clean  the  condenser  shell 
and  tubes  by  swabbing  with  aA  suitable  brush  and^ 
flushing  out  with  "clean  water* 

Chemical  cleaning  also  is  possible,  although  it  is 
suggested  -that  a  water  treatment  company  be  consulted 
first. 

Cooling  Towers :     Perform  chemical  analysis  to  deter- 
mine  "if  solid  concentrations  are  being  maintained 
at  an  acceptable  level* 

Check  the  Overflow  pipe  clearance  for  proper  operat- 
ing water  revel, 

;  Check  the  fan  by  listening  for  an  unusual  noise  , or 
vibration.     Inspect  the  condition  of  the  V-belt. 
•Align  the  fan  and  motor  as  necessary. 

Follow  the  guidelines  for  #£n  maintenance. 

Keep4  the  tQwer  Clean  to  minimize  both  air  and  water 
- — pressure  drop*  »  ■  * 

Clean  the  intake  strainer* 

Determine  if  there  is  an  air  bypass  from  £he  tower 
outlet  back  to  the  irtlet.     If  so,  the  bypass  may  be 
reduced  through  adding  baffles  or  higher  discharge 
stacks  / 

Inspect  the  spray-filled  or  distributed  towers  for 
proper  nozzle  performance.     Clean  the  nozzles  as 
necessary* 
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Inspect  the  gravity  distributed  tower  for  even  wai 
depth  in  distribution  "basins , 

Monitor  -the  effectiveness  of  any  water  treatment 
program  that  may  be  under  way,- 


ABSORPTION  CHILLER    k  0.  CENTRIFUGAL  CHILLER 

Figure  3.  "Types  of  Chillers.  * 
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Chillers  must  be  kept  clean..  .  Inspect  them  on  a* 
'•■  regular  basis.     Clean  the  chillers  as  necessary. 

Inspect  for  evidence  of  clogging.     A  qualified 
*  mechanic  should  be  called  in  to  service  equipment 
v  vxi  accordance' with  the  manufacturer's  specifications 

s  Absorption  Equipment:     Clean  the  strainer  and  seal 
tank  on  a  regular  bas is. 

Lubricate  the  flow  valves  on  a  regular  basis. 

Follow-the  manufacturer's  instructions  for-  proper 
4  maintenance .  . 

Self -Contained  Units  (Windows  and  Through- the-Wall 
Units;  Heat  Pump,  etc,j~  Clean  the,  eva/orator  ancl 
condenser  coils. 

Keep*  the  air  intake  louvers,  filters,  "and  control^ 
clean, 

tfeep^the  airflpw  from  units  unrestricted. 

Caulk  'the  openings  between  unit  and  windows  or  wall 
frames. 

Check  voltage.     Full-power  voltage  is  essential  for 
proper  operation^  -  r  * 

s>-    Follow  applicable  guidelines  suggested  for  compres- 
sor, air-cooled  condenser,  and  fans. 

VAC  Controls 

The  controls  originally  installed  in  many  buildings 
were  designed *in  light  of  initial  costs  rather  than 
for  their  aSility  to  conserve  energy.     In  addition, 
just  fi„Y£  years  6f  use 'without  adequate  "maintenance 
whddh  seldoffi  is '  performed can  cause  controls  to 
go  qut  of ^calibration,  becoming  even  less  sensitive, 
A  program  of  control  adytistment  and  modification 
-  should  adhere  to  the  foAloxing  procedure:' 
% 

«  Adjust  the  controls  at  the  tSjne  of  test.ing,  includ- 
"  ing  adjustment  and  balancing  pf  all  heating  ari'd 
cooling  Systems « 


4 
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/Check  the  operation  of  the  entire  heating/cooling 
control  system,  including  control  valves^nd  dampens. 
Correct  all  improper  operations/         *  w 


Check *the  control  system  for  instrument  calibration 
•   and  set  point,  actuator, travel,  and  action,  and  proper 
sequence  of  operatipn.  * 

Inspect  the  location  of  thermostats:-  RelocNate^if 
thermostats  currently  are  positioned  near  outside 
"  walls,  in  seldom  used  areas,  or  if  subject  to  oujt 
t  side  drafts,  Q  e 

Consider  the  installation  £of  . key- lock,  plastic  coders 
.  over  the  thermostats  to  prevent  building  occiipant\ 
from  -adjusting  setting^,  ^ 

-  Consider  replacing  the  pilots  of  gas-burning  equip- 
ment with  electric  ignition  devices'! 

\  '  1  ' 

Ventilation  Levels 

f  «  *  0  *  t  . 

Air  brought  into  a  building  for  ventilation  must'  be 
heated  or  cooled  and  oftep  humidified  or  dehumidified. 
Ventilation'  systems  account r for «an  estimated. 10  per- 
cent of  a  "builctang's  ,pv$r4ll  energy  consumption,,^yet 
^it  is  generally  agreed  that;  most  buildin'g  codes  de-4 
*  mand  levels  of  ventilation  in -excess  of  what  is  actu-- 
"   .ally  needed  tQ  provide  for  th?  safety  and  comfort  of 
building  occupants •  , 


.    Building  code  Ventilation  standards  should  be  exam-  / 

ined  Ho  ensure  th,at  they'^are  realistic  In  their  ap- 
s    praisa4  of  health* and  safety  needs. 

Consider  the  following  when  selecting  «a  new  heating, 
ventilating,  and  a^r  conditioning  system^ 

Do  not  buy  equipment  wilfr  excess  capacity.  Mos.t 
equipment  works  at  maximum* ^f f iciency, when  running  . 
at  full  capacity.     Most  systems,,  however ,,  are  de-^ 
signad^io  meet*  extreme  we'athei;  conditions  ,<  which 
seldom  occur,'  resulting  in  inefficiency;  *  *  - 

•     Provide  adequate  zones  of.  control4.     Without  conttdl 
zones*,  large  aS^as  often  have  to'  be  ,pvercqoled  or 
overheated  to  satisfy., the  needs- of *  small  areas. 
Thus,  zoning  reduces- the  <HVAC  4oad.   :        •        *    i  *  #; 
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'Group  areas  with  similar  heating,  cgpling,  and 
ventilation  requirements  to  facilitate  selective 
ventilation;  ( 

"I  ■  ■ 

Use  was^e  heat.    Until  recently,  the  heat  generated 
4by  a  building 1 s^ lights ,  machinery,  and  people  watf 
ignored.    Rising  energy  prices,  however,  are  stimk- 
latyig  interest  in  waste  heat  recovery*  systems ,  v 
which  can  retrieve  up  to  80  perclnt  of  waste  heat, 
.  *   creating  a  two-fa£d  energy  benefit:     (a)  waste  heat 
can  be  used. to  supplement,  and  sometimes  replace, 
expensive 'fuel-based  heat;. and  (b)  removal ftof  waste 
heat  eliminates  an  expensive  burdenjon  the 'air  con- 
'  '  c&tioning  system.  .    '  i  I  • 

vWaste  heat  recovery  sy^tems^ are  .expens ive ,  but  usually 
.pay  fqr  themselves  quickly  with  energy^^vings .  The' 
§pnit^sonian  Institution  instari~ed  a  heat  ratovery  system 
t^hat  paid  for  itself  in  four  months.    An  HYA^  mainte- 
nance program  should  be  initiated  vhen  the  building  is 

completed,  basecf.on  guidelines  Outlined  in  t^is  module. 

^  •  \ 

Consider  an  economizer  cycle.    An  eetSnomizer  cycle 
allows  the  air-handling  equi^menl/to  utilize  outdoor 
air  during  tfre  winter  season  to/cool  thQ  interior 
of  the  building.     Two  types,  of  /economi-zer  cycles 
are  enthalpy  control  and  dry-biijb  changeover  tem- 
peratures 


EXERCISES 


Determine  the  approximate  yearly  energy  savings  result- 
ing from  a  reduction  of  air  infiltration.     It  is  neces- 
sary to  determine  how  much  air  is^being  introduced  into 
the  building  and  the  minimum  quantity  that  may  be  intro- 
duced into  the  building  legally.    The  difference/deter- 
mines the  potential  reduction  6f  ventilation  air  and 
energy  savings.     For  the  cooling  season,  use  Figure  4 
to  determine  the  energy  required  to  cool  and  dehumidify 
a  given  amount  of  ventilation  air. 
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Figure.  4.    Cooling:    Yearly.  Energy  Used  Per  lO'OO  cfm  to 
Maintain  Various  Humility  .Levels . 
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For  this  exercise,  use  the  following  building  profile 
and'  data,  .  • 


/  4 

Rin  1  H  i  nc  Tvnp 

S   — 

fiffi  r  p 

Occupied'  Hours/Week   .  .  • 

. ..  40  •■ 

..  667  ' 

'Annual-  Wet-Bulb  Degree  Hours 
Abpve  66° F  

. .  1^8  ,500'  - 

Mechanical  Refrigeration  y 

System,  GOP  .  

V.  '  \ 
.  '.  2  .  5  4 

..  $Q.*Q4/kWh 

. :  3,43^,^ 

'Determine  energy  saved  by  reducing  outdoor*  air  from 
30  cfm/person  to  8  cfmVperson  {mixed  population  of 
pokers  and  nonsmokers) •  . 
a.      Determine  total  cfm  reduction,     Enfer  Figure  4  at 
"  18  , 5  0  CJ  degree  hours,  intersecting  with  the  50%  RH 
$  and  40-hour  lines.     Follow  the  example  line  and 

read  yearly  energy  used  ,of  »  ,  '  / 

b •      Savings : 

Total  energy  .s'avedr  '  

Reduction  of  energy  input  due  to*C0P:   

Convert  to  kWh  :   T_  •  - 

*    "  Convert  to  cost: 

*  — :  *  

:  Project  the  savings  achieved  in  cooling  , outdoor  air  by 
raising  •  theV3^daa*- dry -bulb  temperature  fr^pm  72°F  to 
78°F  for  the  f  of  lowing  building:'    "  •*  ■ 


Bage 


;  *  p  * 
*  * 
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.  :  Office,  40-hour 
bccupancy 

Annual  WB  Degree  Hour-s\  , 

•  CO 

.  .  8  ,000 

Total  Outdoor  Air  -  V« 
Including  Infiltration^. . . 

.  .  10,000  cfnr'  ' 

a , 

b, 


se  table  2  to  supply  the  following  information: 
Savings'  over  total  temperature  .change:   


For  the  outdoor  air.ratelof  this , building ,  the 

savings  will  be   .  0  \ 

For  40. hours  of  cooling  per  week  and  a  cooling 
season  of*  20  weeks  >  yearly  savings  will  be   ^_ 
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»  \ 

A  ton  o£  air  conditioning  capacity,-  in  , standard  units 

measure,  is  . . i  , 
a.     M9,000  Btu/hr.  • 
■b.     •  13,000  Btu/hr v  • 

c.  12,000  Btu/hr. 

d.  10,000  Btu/hr.      *  . 

If  one  kWh  of  elec'tricdty  is  required  for  a  particular 
"Nair  conditioning" unit  to  produte  2.7  tons  of  refrigerav 
t;ion,  the  unit's  COP  is/... 
a.  9.50., 


b. 
c. 
d. 


8.75. 
6.32. 
•  10.90 


3.      Determine  the  approximate'  annual  energy  savings  result- 
ing»from  a.  reduction  of  outdoor  air  from  20  cfm/person 

Q 

to  13  -cfm/pers-pn  in  a  building  .with  the  following  char-1 
acteristics,  equipment,  and  energy  data  (see  Figure  4): 


r  7^  :  : — T 

m  1  1 

i .  Institutional  1 

. . .  Dallas',.  TX 

72'hrs/wk 

*  ,  1,091 

,  .  ,  50% 

Annual  Wet-Bulb^Degree  HoUrs  - 

.  ..  7., 007 

Absorption  Cooling  Equipment  COP 

...681 

Cooling  £ower  Supplied  by  Boiler, 

...  65*  ' 

.".  .'91 38  ,.000 

Cost  Per  Gallon  of  (Ti±^^.  ^.  :jt  . . 

.  .  .  $0,90      ^  m 
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Choose  the  answers  closest  to  your  own. 
may  cause  some  deviation. 

a.  Total  cfm  reduction  is  ... 
•     (1)  9,739. 

(2.)     7  ,637. 

(3)  5,737. 

(4)  6,376.  \ 

b.  ^  Annual  energy  consumption  is.  .... 
 (1)     17  x  106  Btu/1000  cfm. 


Use  of  charts 


d. 


f. 


(2) 
(3) 
(4) 


41  x  10 6  Btu/1000  cfm.. 
27  x  10e  Btu'/lOOO  cfm. 
32  x  106  Btu/1000  cfm. 


i 


Total  savings  is  ... 
*(1)     244.4  x  10*  Btu.  .  ' 

(2)  291.  3  x  106  .Btu, 

(3)  198  .  2  x  10 6  Btu'.  .  "■ 

(4)  214.3  x  106  Btu. '  7 

Reduction  in  efficiency- due  to  cooling  equipment 
is.  .  . .  '*      .  •        »'  \  '  ' 

(•1)     529  x  106  . 

(2)  ^39,  x  10 6  .     «  '.  "  " 

(3)  359  x  10 6..  v    ~  ■*  \ 

(4)  221  x  106  .. 

Reduction  in  efficiency  due  to  boiler  is%  .... 


(1) 

92  ,-800. 

(2) 

99,100.  • 

(3) 

89,700. 

(4) 

75, §00.  ' 

Gallons  of  fuel 

CD 

3',  0-90. 

(•2) 

5,170. 

C« 

4  i  202  . 

-  (4) 

4/002 

•7> 
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4  * 


^       4  ' 


/r1 


Vs.  -v 


g.     ' CosY- savings  per  yearns  . 


do 

$3 

c.2) : 

£4 

or 

$2 

(4)  - 

$3 

f 

4 
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ENERGY  TECH1M0L0GY 

CONSERVATION  AND  USE 


ENERGY  AUDITS 


MODULE  EA-08 
'  AUXILIARY  EQUIPMENT  SYSTEMS 


( 


CENTER  FOR  OCCUPATIONAL  RESEARCH  AND  DEVELOPMENT 


INTRODUCTION 


In,  addition  to  HVAC,  lighting,  and  industrial  process 
energy-Ti'sing  systems,  buildings  have  numerous  small  energy- 
consuming  systems  and  devices.     When  viewed  individually, 
these  smaller  energy  users  -  such  as  domestic  hot  water  sys- 
tems, appliances,  and  laundry  facilities,  among  others  -  do  - 
not  always  appear  to  offer  great  -energy  conservation  oppor- 

.  tunities/    However,  when  the  auditor  views  them  all  together 
as  an  auxiliary^equipment  system,  it  becomes  obvious  that 
they  contribute  substantially  to  the  building  *"s  totaT~e~nergy 

^consumption.  This  module  .discusses 'the  energy  use  qharacter- 
i sties  of ~au3CilTtaTy~5ys tern  components  and  outlines  the  energy 
conservation  'opportunitie^H^h^hTxch-- the  ^auditor  .should  be 
familiar. 

V  ^"  PREREQUISITES 


'The  student  should  have  completed*" Module  EA-07,  "HVAC 
^       Systems,  Part  II."  ^ 


OBJECTIVES  , 


Upon  completion  of  this  module,  the  student  should  be 
able  to: 

'  1.      List  components  of  typical  auxiliary  equipment  systems. 

2.  Describf  interactions  between  auxiliary  equipment  sys- 
tems and  total  energy  systems.  ^  . 

3.  Calculate  savings  for  operational  conservation  opportu- 
nities. 
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Calculate*  savings  for  maintenance' conseyvation ^opportu- 
nities.   *  .  5 
-    5.-   •  Calculate  savings  'for  retrofit  conservation  opportuni1 


"JO* 
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SUBJECT  MATTER 


AUXILIARY  -FUNCTIONS  \  • 


* 


.   Every  bu-ilding  has  equipment  and  energy-using  facilities  * 
that  vary  in  type  and  importance  with  the  specific  function 
and' coast ruction  of  the  building.     Individually,  these -auxil- 
iary functions  may  be  as  .significant  as  a  l.aundry  facility  in 
a  hospital  or  as 'minor  as  a  pof£e*  pot  in  an  "dffice.    *  •  ^ 

. Regardless  of  the  energy.. used  by  any  single  pjLece  of 
equipment,  the  Total  energy  used  *by* -all  miscellaneous  $rquip-, 
ment  is  usually  quite  ,sub'stan»tial .   'Much  of  the  information  « 
ne*eded  to  compute  energy  consumption  ^ill  be  found  in  the^ 
data  on  equipment  jiameplates.  •  -  _ 

This  mpdule  discusses  the  energy  use  characteristics  of 
(1)  domestic  hot  water  systems,  (2)  elevators  ,and  escalators, 
t3)  kitphens-and  cafeterias,  (4)  laundries,  (S)  computer  fa- 
cilities, and  (6)  miscellaneous  equipments  and  details  energy 
conservation  opportunities  appropriate,  to  each.    The  auditor  v 
should  always  be  aware  of  the  fact  that  anything  that  consumes 
^eneTgy^-H^n— addition"  to  building  systems  and  the  auxiliary 
■equipment  disc^asTed^  an  energy 

conservation  opportunity. 


DOMESTIC  HOT  WATER  - 

The  term  "domestic  hot  water"  is.  used  to  distinguish 
the  hot  water  used  for  "housekeeping"  (in  restrooms  and 
kitchens)  from  the  hot  water  used  for  heatinjg  and  industrial 
processes.     The  amount  of  energy  consumed  in  heating  domestic 
hot  water  is  about  4%  of  the"^a^nual  energy  used  in  most  large 
commercial  buildings.     In  smaller  commercial  buildings ,  the 
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percentage  ii  smaller.     However,  in  facilities  that/include 
res taurants  ,  .cafeterias  ,  and  especially  washaterias",  the  per- 
centage of  total  energy  used  for  hot  water  will  be  greater 

*  / 
when  compeared  to  the  amount  of  energf  4ised  by  other  systems. 

Domestic  hot  water  syst-ems  offer  much  potential  /energy,  con- 
servation,    These  energy  conservation  opportunities  are  dis- 
cussed in  detail  in  this  module.  *  / 


•  .         ^  GENERAL  CONSIDERATIONS 

If  domestic  hot  water  is  heated  by  Ihfe  skme  boiler  that 
heats  the  building,  $nd  if  the  load  is  or/ly  lOl^or  201  of  tte 
total  boiler  load  in  those  months  when  m\e  building  is  heated, 
.energy  used  in  the  fall  and  summer  for  /domestic/hot  water  may 
be  higher  than  in  ^winter.  *  This  is  bec^atlse,  in  this  case,  the 
boiler  operates  at  low  load  efficienc 

The  extensive  opportunities  to  /conserve  •  energy  for  heat-' 
ing  domestic  hot  water* can  be  summarized  as  follows: 

1..  m  Reduce  the  load  by  decreasing  the  quantity  and  lowering 

the  temperature  of  the  domestic  hot  water. 
2.      Reduce  system  losses  by  repairing,  leaks,  and  insulating 
pipes  and  tanks  and  by  reducing  recirculating  pump  op- 
erating time, 

Increasethe~~~F^fit^^  domestic  hot  water  gener- 


ator. 


.v* 
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;  AVERAGE  USE  *    .  ' 

°  Straight  heat  transfer  calculations , can  be  utilized  to 
determine  average  *hot  water  use  rates  in  a  particular  build-> 
ing.     This  method  is-base^  on  the  assumption  that  -the  faucet 
is  opened  for  a^et  ampunt  of  tiflie,  regardless  of  flow  rate. 
For  instance,  washing  hands  is  based  on  the  time  it  takes 
rather  than  the  water  quantity.    Table  1  .shows  average  hot 
watef  use  rates  for  typical  commercial  and  institutional 

facilities .  .  ©  ' 

v     *.  ' 
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TABLE  1.     AVERAGE  HOT  WATER  USE 

^  ;  


Office  Buildings  h 

(Without  kitchen  or  * 

cafeteria  services)    2  to  3  gallons  per  capita  per  day  fpr  hand  washing  and 

&  minor  cleaning  (based  on  an  average* permanent  occupancy 
which  includes  daily  visitors)  . 

Department  Stores 
(Without  kitchen  and 

cafeteria  services)0:   1  gallon  per  customer  per  day 

Kitchen  and  Cafeterias  for  Hand  'Washing  .  ^ 

Dishwashing,  rinsing,  0 

and  hand  washing    3  gallops  pet  meal  plus  3  gallons  per  employee  per  day 

Schools  . 
.  j#  . 

Boarding    25  gallons  per  capita  jjer  day         *  *■ 

Day    3  gallons  per  capita  per  day*  (does  not  include  cafeteria 

or  atretic  facilities)  ,  * 


Apartments 

tfigh  rental 
Low  rental 


30  gallons  per  capita  per  day 
20  gallons  per  cap^ta-per  (Jay 


Hospitals 

Medical V   30  a*Hons  p%r  capitF"p3 

Surgical    '50  gallons  per  capita  per  day 

Maternity    s&  gallons  per  capita  per  day 

Mental    25.  gallons  per  capita*' per  day- 
Hotels   30  .gallons  per  capita. per  day 

'  i 


-TV 
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AVERAGE  TEMPERATURES 

*    The  temperature- at  which  hot  water  is  usually  supplied 
(120°F  to  150°F)  is  too  hot  to  use  directly  and  must  be  mixed 
with  cold  water  at  the  tap, \ For  dishwashijig' and  ^steriliza- 
tion, the  delivery  temperature  is  generally  160°F  or  higher/ 
Often,  hot  water  supplied  to  all  faucets  is  at  the  tempera- 
ture required'  for  the  kitchen.     Frequently,  the  hot  water, 
generated  and  stored  irf  tanks  at  150°F  to  160°F,  loses  heat 
by  conduction  and  radiation  from  the  tank  and  piping  even 
before  delivery  at  wasteful  temperatures.     When  hot  water  is 
supplied  by  a  tankless  heater,  it  is  within  5°F,  to  6°F  of 
the  boiler  water  temperature  maintained  to  heat  the  building, 
A  mixing  valve  is  often  used  to  control  the  deli^ecy  temper-  ■ 
ature,  but  frequently  the  temperature  at  which  it  is  set  is 
excessive.     If  the  tankless  heater,  or  tank  heater,  is  in- 
stalled inside  the  boiler,  the  losses  from  the  domestic  . 
heater  may  be  considerable,  ; 


GENERATION  AND  STORAGE  .  • 

Domestic  hot  water  is  generated,  (heated)  and  stored,  in 
one  of  the  following  ways: 

•  By  a  tanklesi  heater  'from  a  hot  water  boiler  used  to 

heat  the  building,  or  by"  a  below- the-water  line  tank-. 

less  heater  on  a  steamv heating  boiler 
» 

•  'By  a  tank  heater4  and  storage  tank  combination  that  is 
•        either  a  hot  water  or  steam-heating  "boiler     (The  tank 

heater  may  be  integral  with.the  storage  tank,  or  sept- 

<S%S  ,  arately  mounted  and  connected'  to  the  boiler  and  tanjs  

by  piping,) 
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*  _ 

By  a  separate  oil,  gas',  coal,  or  electric  Homes  tic 
hot  .water  heater  with  integral  storage  tank  m 
By  separate  electric  booster  heaters  without  storage 
tanks  _  ■ 


DISTRIBUTION  '     ~  • 

*  % 

Hot  water  is' distributed  either  by  gravity  circulation 
or  by  a  recirculating  hot  water  pump  through  separate  piping 
to  the  fixtures.     The  recirculating  hot  water  pump  delivers 
hot  water  instantly  at  the  faucets  and  reduces  the  total  . 
quantity  of  watejr'used  by  saving  the  cold  water  that  is  usu- 
ally  drawn  upon  first  opening  the  faucet.     However,  because 
the  pump  requires  electrical  power  for  operation,  and  because, 
its  piping  system  must  always  be  filled  with  hot  water  (and, 
thus,  experience  .heat  loss),  the  use  9f  %he  recirculating 
pump  could  be  energy-wasteful  in  Systems  where  all  faucets 
are  close  to  th$  tank.  • 


1 

ENERGY  CONSERVATION  OPPORTUNITIES 

The  following  paragraphs  outline  'energy  conservation 
opportunities  with  which  the  energy  auditor  should  be  familiar. 


DOMESTIC  HOT  WATER'  TEMPERATURES 

t   t 

Lowering  the  temperatures  of  the  hot  water  reduces  both 

the  "building*'  domestic  hot  water  load  and  the  distribution 

load..  The  building  load  for  water  heating  is  expressed  by 
Equation  1,       *    9            '  ^ 
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Yearly  IJtus  =  Q  x  Tdg'      „  Equation  ] 

where:  , 

Q  =  Quant  itffojf  domestic  hot  water  used  per  .year, 
in  pounds . 

Tdg  ^-Magnitude  ©f  the  difference  in  temperature 
between  c6ld  water' entering  the  heater  and, 
hot- waterlat  the  faucets,  in  °F. 

Similarly,  the  paragitig  load  is  determined  by  Equation  2.m 


Yearly  Btus  =  Q  x  Tdp  Equation  2 

I  9 
where :         .        ,      . C 

1  .Q  =  Quantity  of  domestic  |/ot  water  used  per  year, 

j  in  pounds . 

Tdp  =  Magnitude  of  difference  between  generation 
temperature  arid  the  temperature  of  water  at 
the  taps,  in  °F*  • 

Therefore,  Equation  3  is  used  to  calculate  total  load. 


Yearly  Btus  =' (Q  x  Tdg)  +  (Q  x  Tdp)       Equation  3 


Since  Td  =  Tdg  +  Tdp  (the  difference  between  the  temperature 
of  water  entering  the  heater  and  the  generation  temperature) , 
Equation^  can  be  restated -as  follows: 
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•Yearly  Btus  =  Q  x  Td 


Equation  < 


Figurfe  1  indicates  energy  used  for  domestic  hot  water 
at  various  generation  temperatures  and  usage  rates.     An  in- 
coming wa'ter  temperature  of  50°F  and  251  days  of  occupancy 
per  year  are  assumed. 


BTU  X  103 
PER  PERSON 
PER  TEAR 


WATER  TEMPERATUBE 


GALLONS  PER  * 
PERSON*  PER  DAY 


17%  33% 


FAUCET  FLOW  RATE 


Figure  1.     Hot  Water:     Savings  from  .Reduction  of  Faucet  ^/ 
Flow  Rate  and  Water  Temperature. 
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The  actual  amount  of  "energy  required  to  supply- the 
tota^load  depends  upon  the  seasonal  efficiency  (E)  of  the 
heater,  which  varies  with  the  type  of 'heater  and  the ^fuel 
used;     Table  2  shows  the  average  efficiencies  of  typicaJL 
heaters  on  a  seasonal  basis. 


TABLE  2.     AVERAGE  WATER  HEAT  SEASONAL  EFFICIENCIES. 


Tvnp    n-P   I4pq  t  pr 

J0  " 

nvcia^c  c r r i l» i c riv~ y 

Oil  -  "Fi  tpH    h  p  2  1*  i  n  c   hni  1  ptq    i  i  ^  p  H 

year  round,  but  with  domestic 
hot  water  as  "the  only  load 

0.45 

Oil-fired  heating  boilers  used 
year  round  with  absorption  cool- 
ing in  the  summer 

0.7 

Gas-fired  heating  boilers. used 
year  round,  but  with  domestic 
hot  water  as  the  only  summer 
load 

0.50 

Gas-fired  heating  boilers  used 
year  round  with  absorption  cool- 
ing in  the  summer 

0.75 

Separate  oil-fired  hot  water 
heaters  f 

0.70 
J 

Separate  gas-fired  hot  water 
heaters 

0.  75 

Separate  electric  water ■ heaters 

0.95 

Separate  coal-fired  water 
^  heaters 

i 

'    •  0'.^45 
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To  determine  actual  energy  consumption,  the  value  ob- 
tained from  Figure  1  should  be  dividend  by  thue  appropriate 
efficiency  'from*  Table  2..,    (If  incoming ^temperature  differs 
from  50°F,  adjust  value  before  dividing.     If  incoming  temper- 
ature  is  60°F,  for  instance^  at  a  generation  temperature  of 


150*F\  multiply  va£ue  by  150-60/150-500  This  is  shown  by 
Equation  5, 


Yearly  Btus  =  Q  \  Td  Equation  5 


:  t~ 

Example  A  £hows  the  calculation  of  energy  savings  result 
ing  from  the  reduction  of  domestic  hot  water  temperatures  at 
the  faucets  in  a  model  office  building. 


•EXAMPLE  A:     ENERGY  SAVINGS  RESULTING  FROM  THE  REDUCTION 
OF  THE  TEMPERATURE  OF  HOT  WATER  SUPPLIED  TO  TAPS, 


Given : 


An  office  building  has  500  occupants,  each'  of' 
whom  uses  3- gallons  of  hot  water  per  day  for  250 
days  each  year.^  The  temperature  of  the  water,  as 
it  enters  the  heater^fs . 60°F  (an  average  for  the 
year),  and  it  must  be  heated  to  150°F  in # order 
to  compensate  for  a  20°F  drop  during  storage  and 
distribution,  and  still  be  delivered,  at  the 
tap,,  at  130°F*    Hot  water  is  generated  by  an 
oil-fired  heating  boiler,  "used  year  round  with 
domestic  hot  water  as  the  only  load.     The  fuel 
is  #2  oil,  which  contains  138,0ff0  Btus  per 
gallon. 


ERLC 
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Example  A.  .  -Continued. 


Find : 


Solution; 


(a)  ,  Building  load 

(b)  Parasitic  load 

(c)  Tojtal  load 

(d)  Total  'energy  used 

(e)  Total  fuel  consumption 

(£)  Fuel  needed  at  90°F  delivery  temperature 

(g)  -Fuel  conserved 

(a)  Building  Load:  . 

Q  =  500 .occupants  x  3^ gal/day/occupant 
'  x  240  day/yr 

Q  •=  375  ,000  gal/yr 

J^gal  =8.3  lbs 

•.Therefore, 

Q  =  375,000  gal/yr  x*8.3  lbg/gal- 
.Q  =  3,112,500  lbs/yr 


Tdg  =  130°F 
=  70?  F 


60 


YBtus7  =  3»1.12»500  lbs  *^  70°F 
=  217,875,00-0 

(b)    Parasitic  Load:  - 

Tdp.  =  150°E  -  130°F 
=  20°F  . 

YBtus7'-=  3>112>500  lbs  x  20°F 


=  62,250,000 
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Example  A.     Continued*  ; 

 •  •  ' 

'  (c)     Total'.  Load: 


.Yearly  a  217,875,000  +  62,250,000 
,  Btus  *       '  ' 

*  280,125,000 

\  V 
(d)  '  Total  Energy  Used:  •  1 

'  E  0.45 

1 

„   *  Total..  280,150,000  '  ,  ! 

Btus  0741 

.'  '        =  622,500  ,000 

(.e)    'Total  Fuel  Consumption: 

Yearly   _  62  2,50-0,000  Btus  •  " 

^gallons       138 ,000  Btu/gal 

=4,511 

lj  (£)     Fuel  Needed'  at  90°F  Delivery  Temperature: 

'  *    90°F  *  - 
4,511  gal  x  jy^-  3,123  gal 

(g)     Fuel  Conserved: 


a^t 


'4,511  gal      3,123. gal  ,  x  38g      x  conserved 
(item  e)        (Item  £)  (       9        a  - 


L 


(This  is  actually  a  conservative-  figure,  as  the  tqtal  sav- 
ings in  heating,  storing,  and  distributing  the' waiter  would 
include  reduced  storage  and  distribution  losses  as  w'ell.). 


Table  3  indicates  the^eafly  energy  loss/ia  Btus  for 
various  sizes  of  tanks -'(located  i"in  a  spade  wit£  -an  ambieri^ 
temperature  of '65°F)  with  fiberglass  insulation. 


j 
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TABLE  3.   , ANNUAL  ENERGY  LOSS  FROM  HOT  WATER  STORAGE  TANKS. 

(Btus  in  Millions/Year) .  * 


Insulation 
Thickness 
(in)  ' 

Tank  Size  • 
"(gal) 

•    1            Energy  -Loss 

Hot  Water  Temperatures 

100°F 

120°F 

160°F 

1 

50, 

1 .'  9< 

3.0 

5.2 

'  ,100 

3.0 

4.7 

8.2 

2 

250 

3.1 

4.9 

8.4 

3 

500 

3.  J. 

*  4. .9-' 

.  8.4  « 

1,000 

5.2 

8.2 

14. 1 

HOT  WATER  CONSUMPTION 


Considerable  energy  savings  can  be  realized  by  reducing 
the  quan-tity  of  hot  water  used.     Primarily-,  this  energy  con- 
servation measure  is  beneficial  in  that,  energy  consumption 
will  be  decreased  to  the  same  extent  as  with  an  equal  per- 
centage reduction  in  temperature. 

^     A  secondary  benefit  is  the  reduction  in  raw  source  energy 
that  occurs  because  less  water  needs  to  be  treated  in  the  wa- 
ter supply  treatment  and  sewage  treatment  plants  -  whether  on- 
site  or  off-site.     For  municipal  facilities,  the  diminished 
energy  requirements  will  result  in  lower  operating  costs  than 
otherwise  possible,-  which' in  turn  will  mean  that  less  taxes 
will  be  needed  to  siipport  the  facility.     In  areas  where  there 
is  a  charge  based  on  total. water  consumption,  flowing  into  the 
sewer,  the  reduction  in  consumption  of  water  will  result  in 
direct  savings,  as  well.     Water  consumption  can  usually  be 
lowered  to  1-1/4  or  1-1/2  gallons  per  person,  per  day  itf  office^ 
buildings  without  inconvenience  to  the  occupants. 
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Example  B  shows  the  procedure  far, calculating  energy 
saved  by  reducing  the  quantity  of  hot  water1  ujsed. 


EXAMPLE  B:     ENERGY  SAVINGS  RESULTING  FROM  A  REDUCTION 
OF  THE  QUANTITY  OF  HOT  WATER  USED. 


Given;       \  An  office  building  has  500  occupants,  each  of 
-  whom  uses  Z. S  gallons  o£  hot  water  per  day  for 
250  days  each  year.     The  water,  Ss  it  enters 
the  heater,  is  at  40(>F,  and  it  is  heated  \:o 
150°F.     The  separate  gas-fired  heater  has  an 
efficiency  of  0.75.       ~  - 

Find:  *         (a)  m  Yearly  energy  used  -  100%  flow  rate 

(b)  Yearly  energy  used  -  33%  flow  rate 

(c)  Savings,  in  gallons  of  fuel  (138,000 
*Btu/gal)  "V. 

(d^    Cost  savings- (fuel'  cost  =  $0.95/gal) 

Solution:     (a)     Enter  Figure  1  at  3.5  gal/person/day. 

Follow  ,the  example  line  Intersecting 
with  the  100%  flow  rate  and  150°F  tern- 
perature  lines,  and  read  yearly  energy*  - 
used  of  800  x  103  Btu/person/yr . 

*  "  i  " 

(b)     Re-enter  Figure  1,  intersecting  with  the 

33%  and  120° F  lines.,  and  read  yearly  en- 
ergy used  of  190  x  103  Btu/person/yr." 


) 
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Example  B.'  Continued. 


(c)  Thje  energy  saved  equals  800-190,  or 
~  610  x  103  Btu/person/yr..  -For  50Q__? 

people,  the  total  is  500  x  610  x  103, 
'or  305  x  $.06  Btu/yf.  ^ 

'         305  x  -106  v  n  7C.  _  9  Q,7  na, 
138,000    x  °-75  "  2>947  8*1. 

(d)  'At  $0.95/ga].,  the  savings  is 

0.95  x  2,947,  or  $2  ,  799 . 6 5/yr .  ' 


V 


STORAGE' AND  DISTRIBUTION  SYSTEMS  EFFICIENCY 

♦To  reduce  heat  loss,  all  torn  insulation  shauld  be  re- 
paired  or  replaced.     Methods  to  improve  th^  efficiency  of 
both  spare  heating  and  domestic  hot  water  heaters  and  to  re- 
duce*tieat  loss  from  piping  are  detailed  in-  Modules  EA-06  and 
EA-0  7/  x  ' 

One  of  the  most  effective  ways  to  reduce  fyeat  loss  from 
domestic  hot  water  systems'  i^  to  insulate. both  the -piping  and 
the  tank. 


Piping  Insulation 


Heat  loss  from  uninsulated  hot  water  system  distribution 
piping  can  be  substantial.     The  magnitude  of  these  losses  de- 


pends  on  the  temperature  differential  between  pipe  and  ambient 
air,  pipe  size,  and  length  of  system  piping. 


7 
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.  Exposed  piping  in  basements  and  equipment  rooms  is  rel- 
atively simple  to  insulateT    Piping  in  ceil-ihg  spaces  can 
als6  be  made 'readily  accessible  by  removing  ceiling  panels. 
Preferably the  entire  piping  system  should  be  insula,tpd,  bift 
inaccessible  portions  may  be'  l^eft  bare,  providing  .that  they 
are  a  small  percentage  of  the  total. 

Cost  of  installation  varies  in  each  building  and  ^hould 
be  estimated  by  an  insulation" contractor . 

For  costing  purposes,  add  to  total  lineal  feet  of  piping 
three  (3)  lineal  feet  for  each  fitting  or  pair  of  flanges  ta 
be  insulated.  \  * 

Savings,  achieved  by  insulating  hot  water  piping  ar^a  de- 
termined from  Figure  2  for  domestic  hot  water  temperatures 
ranging  from  100°  tG180°.     Example  C  demonstrates  the  use 
of  Figure  2  in  determining'  heat  loss  .  1 
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HEAT  LOSS 
9TU/HR.tPER 
10  FT.  PIPE 
LENGTH 


PIPE  SIZE 
INCHES 


Figure  2.*  Heat  Loss^  for  Various  P&p'e  Sizes  ^  Insulation 
Thicknesses,  and  Water  Temperatures. 
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EXAMPLE  C:     HEAT  LOSS  BY  PIPE  SIZE,  INSULATION 
THICKNESS,  AND  WATER  TEMPERATURE, 


Given: 


T 


Find : 
Solution ; 


System  temperature 
Piping  run  lengths 


Present  insulation ; 


160°F 

2-1/2  in  -  125  ft, 
1- 1/2  in  -    30  ft 
1-1/4  in  -  350  ft 
1  in  -  150  ft 
none 


Heat  loss. 

Enter  Figure-  2  at  each  pipe  size,  intersecting, 
with  curves  labeled "none"  and  160°£,  and  read- 
ing the  heat  loss  in  Btu  per  hour  per  1,0  ft 
pipe  length.     Multiply  these  quantities  by  the 
respective  lengths  of  each  size  pip?,  giving  a 
total,  system  heat  loss  of % 72 , 1 75  Btu/hr.  The 
hot  water  system  is  operaTing  8  , 760 • hours,  per 
year. 

Total  yearly  =   ?  m      n  175 
heat  loss         \?  . 

•«  632  x  10*  Btu 


Example  D  demonstrate!  the  methodology  fot  using  Figure 
2  to  calculate  energy  savings  resulting  from  pipe  insulation. 
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EXAMPLE -D.:     ENERGY  SAVINGS  RESULTING  FROM  ADDING 

PIPE  INSULATION.  ' 


Given: 


Solution: 


Water  heating  system  data  from  Example  C 
Insulation  added  to  all  pipes:     1  inch 
Heater  data:  ^oil-fired,  7.01  efficiency 
Btu/gallon  of  oil:,  ■  138  ,000 
Oil  cost:  $0.95/gal 

(a)  Heat  lass  with  insulation 

(b)  Savings,  as  compared  with  Example  C 

(a)     Use  Figure  2.     Intersect  v^ith  the  lines 
for  1-inch  insulation  and  160°F  line 
temperature  for  each  pipe  size. 


(b) 


Total  yearly 
heat  loss 


94,4  x  106  Btu 


Btu  savings  (difference  in  heat  Idss  of 
uninsulated  and  insulated  pijjes)  : 

(632  x  106)   -   (94.4  x  106)   =  537.6  x  106  ' 

Btu/yr 


Oil  "savings  = 


'  557.6  x  106 
138,000  x  0.70 


i 


=  5.6652* x  10 3 
i=  •  5  ,  5 6  5  gal 


Cost  savings  =  5,665  gal  xf$0.95/gal 
=  $5,286.75/yr  - 
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Insulation  of  Hot  Water  Storage  Tanks 

Heat  loss  from  the  domestic  storage  'tank  must  continu- 
ously be  offset  by  the  addition  of  heat  in  order  to  maintain 
a:  ready  supply  of  hot  water.     This  heat  lass  occurs  24* hours 
per  day,  whether  the  building  is  occupied  or'not. 

Storage  tanks,  should  be  covered  with"  a  minimum  of  3. 
inches  of  insulation.     Bare  tanks  should  also  be  insulated,.  ■ 
Additional  insulation . should  be  applied  to  any  tanks  having 
less  than  3  inches  of . insulation.     All  missing  or  torn  inso- 
lation should  be  replaced  or  repaired. 

Applicable  codes ^should 'be  checked  to  determine  accept- 
ability of  various  insulation  materials. 

Energy  savings  are  calculated  by  determining  the  heat 
lost  from  the  tank  before  and  after  insulation.     Water  tem- 
perature and  ambient  air  temperature  can  be  assumed  to  be 
constant.    'Savings  in  Btu  per  Hour  are  multiplied  by  8,760 
(hours*  per:  year)  to  obtain  the  total  yearly  eiiergy  savings1 

due  to  insulatiori.  ♦ 

V 

*  4 

t>       *  » 

'HOT  WATER  GENERATION  '   x  * 

All  measures  for .improving  combustion  units  for  space 
heating  apply ^equally *w611  to  hot  water  heate/s*     The  auditor 
•should  "keep  in  mind,' however,  that  when  more  than  one.  heater 
bfe»  it  boiler  or  hot  water  heater  -  is*  installed  "on 'a  project, 
it  is,  more  efficient  to  operate  one  unit  for  the  total  load 
(if -possible^  rather  than  to  operate  all  boilers  at  partial 
loads.  y 

The  greater  opportunities  for  conserving  energy  by  im- 
proving the  efficiency  of  the  hot  water  generators  (after  nor 
ma^.  service  operations  arnd  minor  modifications  have  improved 


*  EA-08/Page  21 


1 


the  existing  equipment  to  the  extent  possible)  will  require 

major  modifications  or  the  replacement  of  equipment.  The 

following  hot  water  generation  system  modifications  are  the 

most  frequently-made  efficiency  improvements,  which  entail  . 

significant  expense. 

f  Replacing  the  central  system  with  local  heating  units: 
'  *       Commercial  hot  water  systems  .frequently  require  -Jiot 

water  for  short  periods  of'heaVy  use  at  various  .loca- 
tions wietKin  the  building.     It  is  often  more  efficient. 
{     .  A-         to  provide  water  heaters  close  to  the  usage  points 

rather  than  Central  generation  and  long  runs  of  hot 
water  piping .  ,  -  ' 

<*  The  hot  water  use  within  the  building  should  be  ana- 

lysed to  determine  the  patterns  of  demand  and  to  de- 
/ —         termine  whether^instillation  of  local  units  is  advan- 
tageous.    Energy  losses  of  the  existing  system  should  - 
•be  estimated ,as^a  basis  for  calculating -the  savings 
"  .derived  t?y  installing  local  units.     The  energy  saved 

>  is  the  sum  of  reduced  distribution  losses  and  the— in-  . 

dre-ase  in  the  average  generation  efficiency  of  local 
/  units  as  compared  to  the' existing  central  system. 

*  Before  installing  local  hot  water  generation  units,  ap<- 

*  plicable  codesv^hould  be-  reviewed  to  see  if  there  are 

any  restrictions  on  their  locations  or  on  the  required 
'    %  \         modifications  to" the  building,  such  as  fire  walls 

around  fuel  burning  equipment, 

•  Installation  of  temperature  boosters:    When  multiple 

temperature  requirements  are  met  by  a  central  domestic 
_   hot  water  system*,  the  mininfum  generation  temperature 
is  determined  by  the  maximum  usage  temperature.  Lower* 
temperatures  are  attained  by  mixing-  with  cold  water  at 
;  the  tap.     Where  the  majority  of  hot  wat.er  usage  is  at 

the  lower  temperatures  and  higher  temperatures  are  ^re- 
quired at  a  few  specific  locations  only#  booster  heat- 
ers or  separate  heaters  for  high  temperatures  shoulc^ 
f  be  installed.  •  . 

r  *  • 

Installation  of  a  separate  boiler  for  summer  domestic 
hot  water  ^generation:     In  many  buildings,  the  heating 
system  boilers  provide  primary  heat  for  the  domestic 
*'hot  water  system.    While  this  is  satisfactory  during 
the  heating  season  when  the  boiler  is  firing  at  high 
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efficiency,  demand  for  boiler  heat  in  summe*  will  prob- 
ably be  limited  to  hot  water  generation  only.  Operat- 
ing large  heati/fr££boilers  at  light  loads,  to  provide 
domestic  hot  wateS- results  in  low  boiler  efficiency. 

To  , reduce  energy  losses  due  to  low  boiler  efficiency 
in  summer,  *a'  separate  hot  water  heater  or  boiler; 
siz.ed  for  the  hot  water  demand,  should  be  installed. 
To  generate  hot^ water  at  improVed  efficiency,  the'  f 
heating  boiler  should  be, shut  down  in  the  summer. 

To  determine  the  cost  of  this-  modification,  quotations 
should  be  obtained  from  a  local  contractor. 

To  determine  the  energy  savings,  the  system !'s  operat- 
ing characteristics  must  be  analyzed.  Items  investi- 
gated should  include  operating  efficiencies  of  exist- 
ing equipment  during  warm  and  cold  months  and  hot  wa- 
ter demand  relationship  to  boiler  capacity.  Savings 
can.be  calculated  by  comparing  the  operating  costsof 
b.pth  arrangements. 

•  Installation  of  a  hot  gas  heat  exchanger:     A  typical 
refrigeration  machine  with  a  wate^-co.oled  qondenser 
re  j  ects  "approximately  15,  000  Btii)hour  for  each  12,000 

^Btu/hour  of  refrigeration.     An  air-cooled  condenser 
rejects^up  to  17,000  Btu/hour.  "  Up  to  5,000  Btu/hour 
of^the  heat->rej  ected  from  either  system  can  be  recap- 
tured.    To  recover  heat  of  compression ^  a  heat  ex-  «  rl 

'.i  changer  may  fr#%ins tailed  in  the  hot'  gas  line  between 
the  compressor  and.  condenser  of  the  chiller.  A  typ- 
ical arrangement  in  conjunction  with  a  domestic  hot- 
water  system  is  shown  in  Figure-  5.  Hot'gas  tempera- 
ture depends  oh  head  pressure,  but  is  usually  in  the 
order  of A12a°F  to  130°F. 

Cold  water  is  circulated  through  the  heat  exchanger  by 
'the  circulati^frg^Ump.     When  hot  water  is  not  being 
used,  water,  is  p&tmped  back  through  the  heat  exchanger, 
through  the  "recirculating  line.     When  hot  water  is 
needed,  it  Is  £ed  from  either  the  heat  exchanger,  the 
hot  waters  heater ,  ov  bofh'.    A  mixing"  valve  is  pravicte~dr 
to  maintain  the  desired  temperature.' 
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DOMESTIC  HOT  WATER  SUPPLY 

/  ^     .MIXING.  VALVE 


RECIRCULATING 

,  UNE.  If 


HOT  GA8  FROM 


COLO  WATER 


HOT  WATER 
HEATER 

<140#) 


COMPRE880R 


CIRCULATING 
PUMP 


4 


HEAT  EXCHANGER 


D 


HOT  GA8  TO  C0NDEN8ER 


Figure  3,     Heat  Exchanger, 


Installation  of  a  hot  dramjheat  exchanger:  Buildings 
with  kitchens,  laundries,  and  other  service  facilities 
that  utilize  large  quantities,  of  hot  water,  in  many 
cases,  discharge  hot  waste  water  to  drains,     Ry  in- 
stalling^ a  heat  exchanger,  heat  can  be  recaptured,  for 
use  to  preheat  domestic  hot  water,     (See  Figure  4,) 

In  general,  it  is  economical  to  preheat  water  from  50°F  ' 
to  105°F  without  excessive  equipment  cost.     The  hot  wa- 
ter at  105°F  can  then  be  fed  into. the  domestic  hot  wa- 
ter tank  for  further  heating  to  utilization  temperature, 
if  required.     The  heat  reclamation  system  saves  the  heat 
required  to  heat  water  from  50° F  to  105° F  which  other- 
wise would  have  been  provided  by  other  heat  sources. 

Installation  of  a  hot  condensate  heat  exchanger:  The 
condensate  return  portion  of  many  steam  systems  exhausts 
large  quantities  of  heat  in  the  form  of  flash  steam  when 
the  hot  condensate  is  reduced  to  atmospheric  pressure  in 
the  condensate  receiver.     Heat  waste  can  be  recovered 
with  the  installation  o'f  a  heat  exchanger  in  the  conden- 
sate return  main,  ahead  of  the  receiver,  to  reduce  con- 
densate temperature  to  approximately  180°F.     The  heat 
recovered  can  be  used  to  preheat  water  as  required, 
-Figure  5  is  a  schematic  illustration  of  a  hot  condensate 
heat  exchanger •  '  _ 
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HEAT  EXCHANGER 


HEAT  RECOVERED 


FROM  LAUNDRY 
MACHINES  OR 


,  COLD  WATER  INLET 


KITCHEN  8INK  DRAINS 


CREEN  FILTER 


TO  DRAIN 


Figure  4 


Jchematic  of  Laundry  and  Kitchen  Hot  Water 
Heat  Recovery  System, X  / 


The  quantity  of  heat  recovered -depends  on  the  pressure 
and  temperature  characteristics  of  the  boiler.  For 
example: 

Steam  has  a^ondensate  return  volume  of  6  gal/min  at 
260°F.     A  heat  exchanger  is  installed  to. reduce  the 
condensate  temperature  from  260°F  to  180°F  and  the 
quantity,  of  fieat*  recovered  is  240  x  10,3  *Btu/hour ,  The 
average  heat  input  required  for  the  generation  of  do- 
mestic.hot  water  is  1.1  x  I05  .Btu/day.     In  this  in- 

k  stance,  the  entire  domestic  hot  water  load  can  be:  met 
for  most  *of  the  year  by  the  heat  recovered,  in  the  hot 

*  condensate  heat  exchanger,       «  *  ^ 


DOMESTIC^  HOT  WATER  SUPPLY 

MIXING  VALVE 


C0NDEN8ATE  RETURN 


\\      C0NDEN8ATE  RECEIVER 


"^TO  BOILER 

Figure  5.     Hot  Condensate  Heat  Recovery  System. 
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•EJLEVATORS  AND  ESCALATORS 

Despite  the  fact  that  escalators  draw  relatively  little 
current  under  no-lo^d  operation,  it  generally* is  recognized 
that  their'  continuous  ^ction  does  tend  to  waste  energy.  Al- 
though intermittent ,  as-needed  operation  can  be  obtained 
thrbugh  use  'of  a  treadle-type  switch,  relatively  dew  such  in- 
stallations have  been  made  due  to  safety  concerns.  MVhen^an 
♦escalator  is  shut  down,  however,  it  still  provides  a  means  of 
transportation  —  stationary  stairs.     By  contrast,  an  elevator 
cannot  .serve  any  useful  purpose  when  it  is  nonoperational . 
When  elevators  are  running,  however  ,*  they  tend  to  be  more 
efficient  than  escalators,  although  they"  cause  indirect  en- 
ergy consumption  due  to'  stacks-effects  created  by  the  sha<ft 
and  infiltration  around— cabs  .  <  .  * 

Fallowing  are. a  few  of  the  options,  that  should  fye  con- 
sidered in' an  effort"  to  provide  the  elevator/jescalator  ser- 
vice required  while  conserving  energyin  the  process.  s»* 


Encourage  *  building'  occupants  (and  perhaps  visitors)  to 
use  the  st'airway  When  only  one  or  two  stories  are  in-  u 
volved  and  when' security  permits.  *u 
Perform  a  traffic  -review  to  determine  if  the  building 
is  properly  elev%t-ored, 'or  over-  or  under- elevatdred  in 
regard^to  use  during  different  periods  of  the  day.     If  * 
p;rpp'erly  elevatored  or  over-el'evatored,  take  one  or^ 
more -elevators  out  of  operation  at  least  during  peri- 
ods of  light  traffic. 

If  the  building  has  automatic  load-shedding^  or  demand-, 
limiting  equipment,  connect  elevators  to  the  system  ' 
to  enable  automatic  shut-down  of  one  or  more  elevators 
to  limit  peak  demand.  .  _  " 
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ELEVATORS  ; w  , 

%  *  % 

'Elevators  and  escalators  account  for  about.  l%-4%  of  the- 
electrical  energy -of  office  buildings  and  /La<rge^  department  - 
stores.     The  amount  of  power -required  annually  to  operate  an 
elevator  is  based  on. the  height  of.  the  building-,  the  number 
of  stops,  passenger  capacity  and  load  factors,  and  the  effi- 
ciency of  the  hoisting  mechanism*.     Far  example,  a>,2  ,500-lb 
capacity  "local"  elevator  making  lfto  stops  per  car-mile  con- 
sumes about  5  kWh  per  car-mile,  while  an ^"express"  elevator 
making  .75  stops  per  car-mile  consumes-  about  4  kWh,     A  4,500-- 
lb  capacity  elevator  stopping  at  every  floor  in*  a  12-story 
department  store  will  use  13  ,-kWh  per*'car-mile.  Consumption^ 
varies  between  elevator's  of  the  same  capacity ,  depending  on 
the  .type  of  hoisting  motor  and  control,  the  t'ype  of •  elevator 
and  the  kind  of  service,  and  the  amount  of  load  offset  by. 
the  counterweight.     The  slowest  speeds  possible  that  will 
keep  waiting"times  ,to  a  maximum  of  2  minutes  should  be  se- 
lected,     A  manufacturer  or  engineer  should  be  retained  to 
study  the  tr^fic  patterns  and  to  reschedule  ■  as '  necessary'. 
Where  multiple  elevators  are  installed,  pie  number  tin  service 
during  light  traffic  periods  should -be  reduced. 

The  choice  o£  new  elevators  -  replacements  or.additionj 
should  be~made  on  the  basis  of  the  most  efficient *type  fqr.  • 
the  application.     The  three  major  types  of  elevators  are 
.shydraulic,  geared,  and  gear-Less,    *  The  -limitations  of  «ach 
must  be  considered  in  evaluating  its ./efficiency .  Hydraulic 
elevators  are  ixsed  for, speeds  of  ab/ut '  200' "f t/min, -'geared  — 
elevators" for  about  300  ft/min,  and  gearless.  elevators' fot 
higher  speeds. and  high-xise  building*.     Electric  elevators^ 
with  counterweights  use  less  energy  than  hydraulic  elevators. 
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ESCALATORS        -  ' 

■  Assuming  351  equivalent  full  load  operation,  escalator 
energy  consumption  may  vary  from  1,3  kWh  for  a  32-inch  wide 
model  operating  at  90  ft/min  with  a  14-foot  vertical  rise, 
to  3  kWh  for  a  48-inch  wide  model  operatin^at  90  ft/njin 
with  a  25-foot  vertical  rise,%  Escalators  consume  energy  , 
whether  they  are  carrying  'passengers  or  not,  as » long  as  they 
are  running, 

*  KITCHENS  AND  CAFETERIAS 

t  T*  * 

As  variety  of  steps  can  be  taken  (at  minimal  expense)  to 
effect  more  efficient  energy  use  in  kitchen,  cafeteria,  and 
other  food-handlijig  areas, 

•  Turn  OFF  infrared  food  warmers  when  no  food  is  being 
warmed.  1 

•  Inspect  refrigeration  condensers  routinely  to  ensure 
that  they  have  sufficient  air  circulation  and  that 
dust  is  cleaned  ,off , coils , 

•  Inspect  and  repair  walk-in  or  reach-in  refrigerated 
area  doors  without  automatic  closers  or  tight  gaskets, 

1  •  Train  employees  in  conservation  of  hot  .water.  Super-  ■ 
vise  their  performance  and  provide  additional)  instruc- 
tion and  supervision -as  necessary, 

C 

•  Avoid  using. <f re sTi  hot  or  warm  water  for  dish  scraping. 
• •  Keep  refrigeration  coils  free  of  frost  build-up, 

•  Clean  and  maintain  refrigeration  on'Vater  chillers 
and  cold  drink  dispensers. 

•  Reduce  temperature  or  turn  OFF  frying  tables  and. coffee 
urns  during  off-peak  periods. 
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•  Preheat  ovens  only  for  baked  goods.-    Discourage  chefs 
from  preheating  any  sooner  than  necessary, 

<  > 
-  Run  thfe  dishwasher  only  when  it  is  full.   .  ^ 

•  Cook  with  lids  in  place  on  pots  and  kettles.  This 
will  cut  heat  requirements  in  half. 

Thaw  frozen  foods  in  refrigerated  compartments. 

•  Fans  that  coo\>work,ers  should  be  directed  so  they  do 
not-'* cool  cooking  equipment.  \ 

/  .  > 

•  Consider  losing  microwave  ovens  for  thawing  and  'fast- 
food  preparation  wheneyer  they  Can  serve  to  reduce 
p<Swer  requirements. 

One  major  energy  conservation* opportunity'  found  ip  most 
food  preparation  facilities  is  the  use  of  a  separate  make-up  . 
afcr  supply  for  exhaust  hoods.     This  can  substantially,  reduce 
infiltration  of  outdoor  air. 

Kitchen  equipment  exhaust  hc^ods  and  other  process  equip- 
ment hoods  frequently  remove  large  quantities  of  hot  air  from 
the  building  air,  which  must^be  made  up  by  introducing  out- 
door air .  '  f 

This  make-up  air^'is  often  introduced  through  the  build- 
ing HVAC  system,  which  heats  it  in  winter  and  cools  and  dehu- 
midifies  it  in  summer  to  the  level  required  to  maintain  occu- 
pant comfort  conditions  within  the  building. 

*  .  It  is  i|gt  .necessary^for  the  make-up  air  'to  bp  treated  to 
the  same  degree  as  the  ai-r  required  by  occupants.     To  conserve 
energy,  a  s'eparate  supply  Qf  make-up  air  for  hoods  should  be 
considered,     fhis  make-up  supply  system  may  consist  of  a  fan 
drawing  in  outdoor  air  and  passing -it  through  a  heating  coil 
in  order  to'  temper  the  air  and  maintain  tolerable  conditions 


*  immediately  adjacent  -to  the  hood. 

311 


EA-08/Page  29 


The  tempgrature  of  the  make-up  supply  air  often  need 
,only  be  50°  to  55°,  providing  it  is  introduced  close  to,  or 
arounS,  the  perimeter  of  the  exhaust  hood.  '  This  relatively 
low  temper&ture  air  will  not  cause  discomfort  to  an  occupant 
Jin  the1  imfhedia^e  area,  ^ince  the  equipment  radiates  large 
quantities  of  'heat  that  offset  any  cooling  effect. 

The  effectiveness  of  an  exhaust  hood  in  capturing  heated 
.air,  fumes,  smoke,  steam,  and  so  forth,  is  a  function  of  the* 
face  velocity  at  the  edge  of  the  hood'.     Large  open  hoods  re- 
quire large  volumes  of  air  to  maintain  a  satisfactory  captur'e 
velocity.  •  Face  or  capture  velocities  can  be  maintained  or  ^ 
even  increased  while  decreasing  tfie  total  quantity  of  exhaust 
air  by  fitting  baffles  or  a  false  hood  inside  an  existing 
open  hood  (Figure  6).  * 


LOW  VELOCITY  EXHAUST 
(HIGH  VOLUME) 


NEW  BAFFLE8 
INSIDE  HOOD 


HIGH  VELOCITY 
EXHAUST  THRU  8LOT 
(LOW  VOLUME)  y 

\ 


INTRODUCE 
*MAKE-Uf?  AIR 
CLOSE  TO  HOOD 


BEFOftE  m  AFTER  * 

Figure  6..    Increasing  Exhaust  Hood  Capture  Velocity, 


The*  cost  of  modifying  exhaust  hoods  and  installing  a  sep- 
arate'make-up  air  system  varies  with  the  circumstances  of  each 
application*    To  make  an  accurate  assessment,  quotations* 
should  be  obtained  from  local  contractors  based  on  engineering 
uiesigns-^o  meet  the  particular  case.  * 
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LAUNDRIES 

1    In^additidn  to  large  ^commercial  and  industrial  laundries : 
hospitals  and  public  care  institutions  commonly  have  laundry 
facilities.     Key  energy  conservation  opportunities  to, look"  • 
for  in  laundries  inclijde  the  following:  . •  ^ 

1.  Potential  reuse  of  waste  heatf  f rom  *s  teanu  lines  and 
drains .  , 

2.  v     Ht>urs  of  operation.     (Could  operation^hours  be  changed 

to  limit  demand  pqaks  or  eliminate  the  need  for  oper- 
ating extra  boilers  or  air  conditioners?) 

3.  Days'of  operation.     (Must  the  facility  .operate  as  many^ 
days  per  week?) 

4.  *    Eliminate  QXtra  load  from  high  temperatures  and  hu- 

.  midity  on  the  central  or  ftther  area  air  conditioning 
systems .  s  ,  "1  '  • 

\ 


.  COMPUTER- FACILITIES 

Recent  research  shows  that  buildings  With  substantial 
computer  installations  -  in  addition  to , data  terminals  —  fre- 
quently consume  significantly^  more' energy  than  buildings^  with 
out  such  installations.     While  energy  consumption^of  the-  com- 
puter  equipment  is  partly  responsible,  researchers  feel  that 
the  primary  caus€  is  the  extent  to'  whieh  the  computer  support 
facilities  and  equipment  are  in  use . ^ Typically ,  computer 
operations 'extend  into:periods. when  a  buildfing  would  othef-_ 
wise  'b$  unoccupied  -  evening,  late  evening,  early  morning, 
weekends \  and  so  tforth.     In  some  cas'fes,  computer  operations 
continue  around-the-clock.    As.  a  result,-  the  building  systems 
required  to  support  computfer  equipment  and  personnel  —  HVAC , 
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lighting,  £qod  sendee,  elevator,  and  other  systems  -  also 
must  be  -operational  and,  thus,  consume  energy.     Given  the 
extensive  amount  o£  work  performed  by  computers  and  those 
who  run*  them,  as  well  as  their  high  rate  of  productivity^  * 
suggestioris  that  their  use  be  reduced  to  conserve  ener'gy 
would  be  out  of  the  question.     Nonetheless,  there  are  .steps 
that  can  be  taksn  to  ensure  that  no, more  energy  than  necessary 
is  used, to  support  computer  operations.     One  logical  solution 
is^j^oper  zoning  of  HVAC  and  lighting  systems  to  isolate  the 
areas.  *  *  )  ^ 


MISCELLANEOUS  EQUIPMENT 

If  the  energy  consumption  of  smallejr,  "incidental'^  equip- 
intent  -such  as  coffee-pots,  typewriters,  calculators,  radios, 
electric  space  jpeaters,  and  so  forth  -  is  added  up,  the  total 
usage  may  be ' surprising .     (A  large  coffee  maker  may  require 
up^to  5  ,000  wa.tts,  for  example.)'        ,  *  % 

A  building-wide  awarene'ss  program  should  be  established 
to  minimize  unnecessary  use  of  all  equipment./  In  particular', 
the  program  should*  emphasize  that  all  equipment  of  this  type 
be  turned  OFF  overnight  and  during. lunch  periods. 
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\   j       ^  x   EXERCISES 

1.      Compare  and  contrast  the  two  methods  of  hot  water  dis- 


tribution, 


2.  Calculate  the  building  domestic  hot  water  load  if  there 
'  .      ate  192  ,000  pounds  of  hot  water  used  annually  and  the 

difference  between  the  temperature  of  water  entering  the 
heater  and  water, at  the  faucets  is  100°F. 

3.  Using  Figure  2,  calculate  the  heat  loss  for  a  piping 
system  of  the  following  specifications: 

-System  temperature: 

Piping  run  lengths: 


140°F 

2-1/2  in 

-  200 

ft 

1-1/2  in 

-  120 

ft  c 

1-1/4  in 

-  190 

ft 

1  in 

-  30 

ft 

none 

V 

:  8,760 

hours 

/ 

Present  insiulation: 


4.  Using  the  data  in  Exercise  3. .calculate  the  energy  sav- 
ings  resulting  from  adding  1-inch  insulation  to  all  pipes" 

*  *  Heater  data*'  oil-fired,  601  efficiency 

Fuel  data:     138,000  Btu/gal 

5.  Explain  the.  operation  of  a  hot  gasJxeaJ^xchanger . 

6.  Explain  the  operation  of  a  hot  drain  heart  exchanger. 

7.  Discuss  the  relationship  of  make-up  air  to  vent  hood 
operation,  and  explain  the  appropriate  energy  conser- 

I  ''  * 

vation  measure.  j 

8.  Design  a  brief  projjTam  for  reducing  the  amount  of  energy 
consumed  by  the  miscellaneous  equipment  in  a  typical 


office  building. 


EA-08/Page  33 

315  - 


REFERENCES  • 

-   :  — ■  :  

American  Gas  Association.    Maintenance  Tips  That  ,Wj 1 1  Help 
%   Conserve  Energy  and  Improve  Your  Food  Service  Operation. 

Cat.  ftR01Q23.  [  "  

Guidelines  for  Saving  Energy  in  Existing  Buildings:  Building* 

Owners  and  Operators  Manjual,  ECM  1.     U.S.  Dept.  of 

Commerce,  1975.     (NTIS  PB-249928.)  K  \ 

Guidelines  for  Saving  Energy  in'Existing  Buildings:  Engineers 

Architects,  and  Operators  Manual,  ECM  2.    U.S.  Dept.  of 

Commerce,  X975.     (NTIS  PB-249929.)'  •  , 

Instructions  for  Energy  Auditors,  Vol.  I.  t  Springfield,  VA: 

NTIS,  Sept.   1978.     (DOE/CS-0041/12 . ) 
Instructions  for  Energy  Auditors,  Vol.  II.     Springfield ,  VA: 

NTIS,  Sept.   1978.     (DOE/CS-0041/13 . )' 
Texas  Energy  Auditor  Training  Manual,  1980.     Austin:  Texas 

Energy  and  Natural  Resources  Advisory  Council,  1980. 
Thumann,  Albert.     Handbook  for  Energy  Auditors.  Atlanta: 

The  Fairmount  Press,  1979. 


Pa>ge  54/EA-G8 

erJc       ,   •  .  , 


T 


3 It;       .  *  - 

■  -I 


TEST 


Choose  the  answer,  closest  to  the  correct  one  for  each 
question.,    Questipns  j.j  7  refer  to  Case 'A;  Questions  8^11 
refer  to  Case  B.  ^    \  %  . 

CASE  A:      AN  OFFIC5  BUILDING  WITH  225  OCCUPANTS, 
'    EACIj/OF   WHOM   USES   2.5    GALLONS  ,OF  HOT   WATER  PER 
DAY,  "250   DAYS  PER    YEAR,    HA°S  W AJER   ENTERING  ITS 
HEATERS   AT   AN   AVERAGE   TEMPERATURE  OF   70°F.  THE 
WATER   MUST  BE   HEAJ£D   TO    160°F  TO   COMPENSATE  FOR 
A   40°F   DROP   DURING   STORAGE  AND   DISTRIBUTION-,  IF 
IT    IS   STILL  tO   BE   DELIVERED  TO   THE   TAPS  AT  120°F. 
HOT   WATER    IS   GENERATED  BY   A  NATURAL  GAS-FIRED 
*     HEATEF^'(  SEASONAL  EFFICIENCY.  =   0.45),    USED  YEAR 
ROUND'  WITH   DOMESTIC  HOT   WATER   AS    ITS   ONLY  LOAD. 
THE   FUEL  HAS    1,030   BTL&  PER   CUfelC   FOOT.  * 

1.  What  is  the  building  domestic  hot  water  load? 

a.  209,978,235  Btu 

b.  105,046,875  Btu 
;       c.     176,439,098  Btu 

Ji.     119  ,786,875  Btu 
e.     98,605,409  Btu 

2.  '    What  is  the  parasitic  load? 

a.  97,654,091  Btu,  ' 

b.  3*7,870,005  Btu 

c.  14, .673, 065  Btu 
-d.  53,873,947  Btu  ' 

e.     47,087,500  Btu 
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3.      What  is  the  total  load? 
'  'a.     154,837,936  Btu 

b.  132,847,530  Btu 

c.  v  152,134,375  Btu 
"  d.     197,354,837  Btu 


.ERIC 


e.     176,938,736  Btu 

4.  What  is  the  total  energy  \used-? 

a.  338,076,370  Btu 

b.  297,645,913  Btu 

c.  432,844,423  Btu" 

d.  310,736,062  Btu 

e.  591,639,735  Btu 

5.  What  is  the  total  fuel  consumption? 

a.  528,907  cubic  feet 

b.  298,645  cubic  feet 

c.  283,332  cubic  feet 
A.     328,233  cubic  feet 

j  . 

e.     452,987  cubic  feet 

6.  How  much  fuel  would  be  needed  for  the  saKe  system  if 
the  delivery  temperature  were  lowered  to  90WF?  t 

a.  298,7^0  cubic  feet 

•b.  246,174  cubic  -feet 

c.  329,751  cubic  feet  - 

d.  287., 978  cubic  feet  ' 

e.  187 ,635  cubic  feet 

7.  "  How  much  fuel  would  be  conserved  by.  lowering  the  delivery 

temperature  to  90°F? 

a.  79,756  cubic  feet 

b.  89,-456  cubic  feet  * 

c.  82,05,9'  cubic  feet  -  * 

d.  -    91.,  502  cubic  feet 

e.  65,231  cubic  feet 
*            -  '  '  • 
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CASE  B:   '  AN  OFFICE  BUILDING  HAS  700  OCCUPANTS,    EACH  , 
OF    WHOM  USES   3   GALLONS  OF   HOT   WATER   PER  DAY  FOR  250 
DAYS  PER   YEAR-      THE  WATER,    AS    IT   ENTERS  THE  HEATER, 
IS*  AT   60°F,    AND -IT  I'5~HEATED   TO   140nP;  THE~~SE~P  A  RATE 


0 1  L*"F  I  RED   HEATER   HAS  AN  EFFICIENCY  OF   0.75   AND  FUEL 
COSTS   $0.95   PER   GALLON.      THERE  ARE    138,000  B.TU/GALLON 
OF   FUEL . 

.What  is  the  total-  energy  used  per  person  per -year  at 
the  100%  flow  rate?     (Use  Figure  1J% 
a.     501  x  103  Btu  _ 
Btu 
Btu 


b. 
c. 
d. 
e, 


492  x  103 

460  x  103 

560  x  103  Btu 

398  x  103  Btu 


What' is  the  total  energy  used  per  person  per  year  if 
flow  is  reduced  to  67%  and  temperature  is  reduced  to 
(Use  Figure  l.X 
x  10?  Btu 
Btu 

Btu-  * 
Btu 
Btu 


130°F? 
a.     2  65 


213 
356 
310 
298 


x  103 
x  103 
x  103 
x  103 


10.      How  much  fuel  is  saved  per  year,  by  making  the  changes 

in  Question  9? 
.  a.     87 2- gal/yr 

^b.     712  gal/yr  ,  * 

c.  672  gal/yr 
d-  742  gal/yr 
e.     534  gal/yr  * 
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11,      How  much  money  is  saved  per  year  by  making  the  changes 
in  Question  9? 

a.  $832 

b.  $698 


c.  $973 

d.  $765 

e.  $705 


Page  38/EA-08 


320 


9 

-ERIC 


ENERGY  TECHNOLOGY 

CONSERVATION  AND  USE 


ENERGY  AUDITS 


P'rr 

ORD 


ERLC 


MODULE  EA-09 
PROCESS  ENERGY  SYSTEMS 

* 

* 

CENTER  FOR  OCCUPATIONAL  RESEARCH  AND  DEVELOPMENT 

321 


INTRODUCTION 


wiis  module  discusses  the  distinct ion  between  process 
energy^and  housekeeping  energy.     The  processes  of  many  large 
industries  are  so^  complex  -'and  often  unique  to  .a  .particular 
installation  -  that  groups  of  „engi-fteers  aro  required-^to-  -evali, 
uate  theM*r  energy  consumption.     The  auditing  of  such  pro- 
cesses.is  beyond  the  scope -of  this  module;  however,  two  pro- 
cess energy  audits  that  the  energy  conservation-and-use  tech- 
nician may  be  called  ugon  to  perform  are  detailed.  Emphasis 
'    is- given  to  the  necessity  of  thoroughly  researching  th£  pro- 
cess to  <^e  audited  and  retaining  the  assistance  of  qualified 
engineers  when  appropriates 


PREREQUISITES 


The  student  should  have  completed  Module  EA-08,  "AuxilV^  , 
iary  Equipment  System!." 


OBJECTIVES 


Upon  completion  of  this  module,  thq  student  should  be  J 
-able  to: 

1.4    Discuss  the  different  oven  types-  and  modes  of  heating. 

2.  Discuss  heat  bsilance^  as  an  auditing  technique. 

3.  Calculate  oven -heat  loss. 

4.  Discuss  hearth  furnace  construction. 

5.  Discuss  efficiency  and  economy  of  direct-fired  heaters 


F 
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6.  Discuss  industrial  furnace  stack  losses  and  furnace  heat 
losses.     ,  \  . 

7.  Discuss  the  relationship  of  drafts  and  pressure  to  furnace 
efficiency*  .  :      .         s  ^ 

8.  Explain  the  operation  :of  recuperators  -  and  regenerators.   

9.  Discuss  the  process  of  furnace  reversal. 

10.  •    List  and  diseuss  energy  conservation  opportunities  in 
>  opeh-hearth  furnaces. 


-A 
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 Process  energy  is  defined  as  "that  portion  of  "a*"  facil* 

-i-fryfs  gnergy-T"  that  i!s  consumed  hy  production/manufacturing 
equipment  and  activities . 11    Process  energy  can  be  contrasted 
to  .the  energy  required  to, run  lighting,  environmental  con-, 
trol,  and  auxiliary  equipment  -  or  "housekeeping11  ^energy , 

When  auditing  a  facility  that  houses  energy-consuming 
processes,  the  -energy  use  of  housekeeping  systems  is  audited 
•in  the  same  way  as  in  residential,  commercial,  or  institu- 
tional facilities.     However,,  since  processes  account  for 
70%  Qr  more  of  the  energy  a  facility  consumes,  they  frequently 
offer  the  greatest  opportunity  for  energy  savings.  Thus, 
the  energy  auditor  must  have  a  broad  background  in  energy- 
consuming  functions  and  access  to  resource  material. 

Tire  process  energy-  systems  discussed  in  this  module 
ire  a  very  limited  sample  of  what  the  auditor  of  manufacture 
ing/indust:gLal  processes  may  *  encounter .     Many  industrial t 
processes  are  so  complex  and  specialized  that  an  entire*  staff 
of  professional  engineers  is  employed  essentially  to^audit 
process  energy  consumption  and  recommend  energy-conserving 
modifications.     There  are,  however,  an  increasing  number  —  * 
of  energy  use  technicians  who  assist  these  engineers.  These 
energy  consefvation-and*use  technicians  should  develop  re- 
Search  skills  —  in  addition  to  the  material  in  this  module  — 
to  aid  in  finding  information  about  a  particular  process, 
or  part  of  a  process,  when  necessary. 

This  jhodule  discusses  the  process  energy  characteristics 
of  baking  ovens  and  hearth  furnaces.  The  intent  is  to  demon- 
strate how  to  approach  specific  parts  of  the  process  energy  - 
audit  encountered  by  the  energy  use  technician.    More  complex 
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and.  urfique  process  energy  systems  require  extensive  research 
and/or  the  assistance  of  professional  engineers/ 


BAKING  OVENS 


J 


oS^s 


Basically,  all  ov^s  are  part  of  a  continuous  production 
line,  consisting  of  a  tunnel  chamber  with  a  continuously 
moving  band  on  which  the  product  lies.     The  baking  process 
is  completed  between  the  product's  entering  and  leaving  the 
chamber,  by  the  application  of  heat  from  direct-f ired  gas 
burners,  or  indirectly  by  air  heated  in  combustion  chambers : 
All  ovens  have  several  control  zones   (usually  seven  or  eight) 
that  can  be  independently  contrc>lled  to  give  .any  required 
tempe'ratUre  profi^|.     Dampers  are  sometimes  provided  to  con-^ 
trol  the  flow  of^fthaust  from  each  zone,  which  also  controls 
(^b  some  extent)  the  product  temperature.     Exhaust  from  each 
zone  is  distharged  into  the  atmosphere. ' 

The  baking  oven  performs  two  basic  functions: 

•  The  baking  process  —  chemically  changes  the  state 
of  organic  compounds  from  an  uncooked  to  a  cbofced 
state.  4  „ 

•  The  thermal  dr^er  —  removes  a  considerable  per- 
centage of  moisture  from  the  product,  which  is 
conveyed  by  piir  into  the  atmosphere.     It  also 
carmelizes  the  sugar  content  of  certain  biscuits, 
which  is  visible  as  the  brown  coloring  of  the 
product. 


BASIC  OVEN  TYPES 


The  thermal  operation  of  continuous  tunnel'  ovens  falls 
into  two  basic  types:    convec tive  ^and  radiant* 
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Copvective  Ovens 

-  Convective  ovens  are  usually  larger  than  radiant  ovens 
in  cross-sectional  area.    Heat  i-s  applied  to  the'  product 

by  internal  oven  circulating  fansU    The  movement  of  air  over 

,  .  ^  — >  » — i —  _  _ 

a  moist  .material  at  high  velocities  gives  an  increased  mois- 
ture evaporation . rate .     Figure  1  shows  the  evaporating  char-* 
acteristics  of  ovens  from  several  major  oven  manufacturers. 


♦4 


00003 


Figure  1.     Influence  of  Air  Velocity- on 
.  Evaporation  Coefficient  (ft/sec). 


Radiant  Ovens  ^ 


In  radiant  oyens,  beat  is  applied  to  the  product  by 
direct  radiation  from  the  burner  flames  above  the  oven  band, . 
Heat  is-  also  conducted  from  the  metal  band,  which  is  Tieated 
by  the  burners  below  it.    Air  movement  in  radiant  ovens  is  at 
very  low  velocity. 
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Both  convective  and  radiant  ovens  are  provided  with 
exhaust  ejects  to  'evacuate  combustion  products  and  moisture 
vapor.     These  .^exhaust  ducts  are  usually  fan-assisted  and 
should  have  dampers  to  control  the  volume  of  exhaust. 


"TM&&ES--ep-OVEN-HEAT-iNG-    -    -.  —    '  ' 

•  4  A 

The  -methods  of  heating  an  oven  f^ll  into  four*  categories 

■I 

direct-fired,  indirect-fired,  electric ,  and  microwave-,  •  . 

Direct-Fired 

■ 

T^e  direct-fired  oven  \\  used  in  „the  Keebler  Company1  s 
equipment  and,  as  previously^discussed ,  can  be  either  radiant 
or. convective .    A  clean-burning  fuel  (natural  gas,  propane, 
etc)  must  be  used  with  this  heating  method  because  combus- 
tion products  are  in  direct  contact  with  the  fbod  material, 

Indirect-Fired  .  *■ 

.  -  <  • 

A  heat  exchanger,  which  generates  hot,  clean  air-,  is' 
positioned  either  above  or  at  the  side  of  an  indirect-fired 

•  oven  (Figure  2).     The  combustion  products  are  kept  completely 
separate  from  the  hot  air  supply  to  the  oven,  preventing^ 

*  any  possibility  of  contamination.  This  enables  the  use  of 
a  wider  range  of  fuels  (#2  to  #6  oil)  and  also  permits  the 
use  of  multi-fuel  installations. 

"    Indirect- fired  ovens  2re  \nprmally  of  the ^convective 
type.    However,  radiant  types  havfe  been  designed  that  use 
"heat  transfer  oil"  systems, 

4*  4 
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OVEN  ZONE  1 


OVEN  ZONE  2 


Figure  2.     Indirect-Fired  Baking  Oven. 

 V— 


Electric 


^-This  f  orij£  of  heading  can  be  applied  to  either  a  convec- 
tive  or  radiant  oven.     Electric  resistance  heating  elements 
are  used  for  the  heat  source^  and  stepped  temperature  con- 
trol is  usually  .obtained  by  stjige  switching  of  banks  of  break- 
ing .elements .     Variable* temperature  control  can  be  obtained, 
by  using  such  devices'  as^thyristprs . 


^Microwave        %  "      4  .       \  ,  \ 

This  is  a  netoly  developed  form  of  heating  for  industrial^ 
food'. processing  application/    The  principle  consists  <of  pass1 
ing  a- very  high-frequency  electric  current  through  the  mate- 
rial to  be  heated.    The  microwave  oven  has  a  very  limited 
— ssopo  iojr-cnerkY  conservation 
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OPERATIONAL  CONTROL 

The, controls  available  to  the  oven  operator  are:  band 
speed  (bake  time) ,  zone  temperatures  (above  and  below  the 
band),  and  zone  and  oven  exhaust  dampers.    Exhaust  dampers 
control  oven  humidity  and  turbulence.  V  o 

There  is  no  set  operational  procedure  for  a  particular 
product.  'Most  oven  controls  are  set  to  the  requirements 
of  -each  baking  oven  superintendent.     Each  oven  may  be  set  N 
differently  by  the  operator  at  the  change  of  every  shift. 

Despite  the  variations  in  operational  control,  output, 
and  product  quality,  the  required  standard  is  achieved.  The 
explanation  given  for  the-  present  methods  of  oven  control 
is  that  baking  is  ai>  "art,"  and  that  there  are  too  many  in- 
determinate factors  that  cannot  be  automatically  controlled. 

 -  I  e  

In  order  ot0|  evaluate  the  scope  for  energy  conservation,  * 
a  full  thermal  analysis  must  be  undertaken  for  each  product 
line  and , oven ^type .     Each  aspect  of  thermal  operation  should 
be  examined  in  detail  and  a  ^comparison  made  of  actual  system 
efficiency  * 

HEAT  BALANCE'  . 

The  thoroughness  of  data  collected  for  preparation  of 
a  heat  balance  is  a  function  of  the  staff's  ability  to  ponduct 
the  tests  and  the  availability  ojSjnsLtrtimentat ion .• 

The  overall  objective  is  to  evaluate 'the  scope  9f  enepgy 
conservation  and  determine,  in  practical  terms,  how  it  can  ^ 
be  applidd.    "It  may  be  helpful  to  show  energy  flow  in  the" 
system  diagrammatically .     This  should  be  based  on  overall  . 
madfrirte  operation,  even  though  the  baking  oveads  a  multi- 
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zoned  control  system.     Figure  3  shows  a  natural  gas-fired, 
7-zone  oven  with  a  double  pipe  gas-burning  system.     The  dia- 
gram in  Figure  4  shows  oven  energy  use. 


PROOUCT  IN 


EXHAUST  fiuCTS  , 


1     !  '2 


_  rj"_"_4  it —  x — in — f — — o 

H  f     t  '  -f     t  '  I  t 

|  J   j  <_  J   |   J   j       FUEL  AND  AIR 


PRODUCT  OUT 
 >. 


Figure  3.*.  7-Zone  Baking  Oven.  .s 


100% 

ENERGY  IN 


60%  LOSS     '    20%  LOSS 
TO  EXHAUST    TO  RADIATION 


10%  LOSS 
TO  BANO 


10%  LOSS 


TO  PRODUCT^ 


Figure  4.     Entergy  Diagram  (Sankey) . 

Heat  balance  is  evaluated ^ in  terms  of  heat  supplied 
*  *  * 

and  heat  losses.-    The  procedure  used  to  evaluate  energy  con- 

fcion  throughout  various  stages  of  the  baking  process 
is  de^tTribed  in  the  following  paragraphs.     The  accuracy  of- 
the  evaluation  .depends  on  the  facilities  and  instrumentation 
.available.  .  * 
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•m  Fuel  Measurement:    This  is4  essential  if  a  meaningful 
thermal  analysis  is  to  be  obtained .\  Ideally ,  a  gas 
-  t  flowmeter  should  be  installed  in  t-he\nain  supply  pipe. 

An  alternative "would  be  *to  evaluate  the  gas  flow  to 
each  burner  by "measuring  gas  pressure' at,  each  zone  and 
referring  to  the  injector  orifice  rating.  However, 
this?  method  is  -less  accurate.  % 

•  Uncooked  Product:     The  temperature  of  an  uncooked  product 
in  the  oven  can  be  measured  by  a  thermometer  or  thermo- 
couple, in  °F."  The  moisture  content  should  also  be 
determined  (by.'weight)  and  the  percentage  moisture  (H2O)' 
and  solids  rioted.     The  final  data  required  is  the  rate 

.   of  production  in  pounds  per  hour/* 

•  Evaporation  of  Moisture  Vapory    This  requires  that  a 
sample  produtt  be  removed  from  each  zone.  As— the  sample 
leaves  the^  oveu,  its  temperature  should  be  noted  and 

.an  evaluation  made  of  the  percentage  moisture  and  sol-ids. 
*  ,      Tot4l  moisture  vapor  (lb/hr)  can  be  determined  by  cal- 
culation  of  this  data.  ' 

•  Combustion  Products :     Exhaust  stack  temperatures  should 
be  measured  ii^  yF.    A  sample  hole  placed  in  the  stacks 
at  a  proper  location  will  ensure  a  satisfactory  reading. 

*  At  the  same  point,  an  analysis  should  be  taken  of  the 

stack  gasesr  to  measure  carbon  dioxide  (COO,  carbon 
monoxide  (CO),  and  oxygen  (02) ,  using  an  Orsat  or  equiv- 
alent equipment:.     Provided  the  sampling  position  is 
satisfactory  and  turbulence  in  the  duct  is  not  exces- 
sive, a  velocity  measurement  should  also  be  taken.        „  ' 
Analysis  of  this  data  enables  calculation  of  heat  loss  # 
through  the  exhaust  system. 

•  Oven  Casing  Radiation:     Surface  ^temperature  measurements- 
of  the  ^ven  casing  can  be  measured  easily  Vith  a  surface 
pyrometer.     Tabl-es  for  the  evaluation  of  heat  losses 
from  flat  surfaces  are  available  in  ASHRAE  Handbook 

ofr  Fundamentals,  and  are  sufficiently  accurate,  to  indicate 
overall  heat  loss . 

•  Band  Losses :  This  is  virtually  impossible  to  measure, „  * 
1  as  it  may  enter  at  the'  burner  or  at  other  places  in 

the  oven  casing,  such  as  the'  oven  entrance  and  exit, 
open  doors,  etc"*.     Its  determination  can,'  therefore, 
only  bq,  'by  calucafion  from  the  analysis  of  the^  oven 
exhaus-ts . 
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Final  heat  balance 1  should  be  presented  a3  follows: 

Heat  supplied: 

Fuel  burned  in  o»ven  Btu/hr  100% 

%    '    Heat  losses       *  * 

,    Dry  heat  content  of  exhaust      Btu/hr  % 

*             Moisture 'heat  content  of 

exhaust  *         Btu/hr  % 
-      'Sensible  he^t  gain  to 

*          product  Btu/hr  % 

Radiation  from  oven  Btu/hr  % 

Radiation  from  band  Btu/hr  % 


ENERGY  CONSERVATION  -  EVALUATION  OF  SCOPE 

There  are  only  two  aspects  of  the  baking  process  that 
are  beyond  the  scope  of  energy  conservation:  temperature 
and  time  of  bake.  Every  other  aspect  can  be  examined  for 
possible  modification  or  adjustment  to  achieve  economy  in 
fuel  use.  The  following  discussion  examines  each  aspect  of 
the  baking  process  and  demonstrates  how  the  thenjj^fef f i- 
ciency  of  the  system  can  be ^ improved/ 


MOISTURE  INTO  THE  OVEN 

Each  product  recipe  specifies  the  percentage  moisture 
of  the  mix  (before  baking)  and  the  final  moisture  o^  the 
product  upon  leaving^the  oven.    *For  example,  a  sweet  biscuit* 
recipe  may  have  a  25.9%  moisture  per  74.1%  solids  content 
going  into  the  oven  and  a  7%  moisture  per  93%  solids  content 
going,  put  of  the  oven.    A  reduction-  in  the  recipe  of  only 
1%  in  the  moisture  evaporated  in  the  oven  would  show  a  savings 
of  approximately  l.i87%  in  fuel  #  consumption.  * 


t 


EA-09/Page  11 

332  # 


It  is  not  aiways  possible  to  reduce  the  moisture  content 
of  the  recipe  or  the  amoGnt  ,to  be  evaporated  during  the  bake. 
However,  these  figures  demonstrate  the  importance  of  accurately 
controlling  the  moisture  contents  of  the  process.     Figui*e  5* 
shows  the  effects  of  controlled  moisture  content  and  temperi- 
ture,.  * 
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Figure  5.     Product  Moisture  Content  Yand  Temperature. 


COMBUSTION  EFFICIENCY  . 


Tbr  both  atmospheric  and  sealed  double-pipe  burners, 
it  is  essential  that  the  correct  air-to-fuel  ratio  be  main- 
tained throughout  the  full  range  of  burners. 
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Correct  burner  aeration  can  be  set  by  visual  inspection 
of  the  flames  on  the  burner  bar.     The  atmospheric  burner 
has  a  series  of  holes,  and  the  flame  shape  is  conical,  blue, 
and^ about  two  inches  long.    Aeration  is  controlled  by  adjust- 
ment at  the  venturi.     Heat  output  can  be  controled  by  adjust- 
ing the  gas  pressure. 

For  maximum  operating  efficiency,  the  burners  can  be 
set  up  to  operate  at  not  more  than. 20%  excess  air  supply. 
'This  Would  give  a  normal  product  a  combustion  analysis  of 
9.6%  C02  and  3.8%  02  by  volume. 

Excessive  burner  aeration  gives  rise  to  higher  mass 
airflows  through  the  oven  and  results  in  wa$t^  fuel.  'For 
example,  a  burner  operating  at  50%  excess  air  uses  3-8%  more 
fuel  than' at  20%  excess  air.     At  10*0%  excess  air,  fuel  loss 
rises  to  9-25%  fover  20% .  excess  air  levels)'. 

The'^air  supply  required  for  combustion  is  drawn  from 
"the  room  in  which  the  ovens  are  located.     If  an  adequate 
make-up  supply  is  not  provided,  air  starvation  occurs.  This 
is  a  negative  pressure  situation  in  the  room,  which  is  par- 
ticularly disturbing  for  amospheric- type'  burners. 

» 

EXHAUST  HEAT  -LOSS 

The  only  gases  flowing  up  the  oven  exhaust  stacks  into 
the  atmosphere  should  be  the  "combustion  products  of  the  fuel 
and  the  air 'required  to  convey  the  moisture  removed  from 
the  product.    As  the/  exhaust  from  the  oven  is  fan-assisted, 
it  is  .possible  that  a  greater  than, -necessary  flow  of  exhaust 
is  being  induced,  which, is  very  wasteful  of  energy. 

Control  of  combustion  efficiency,  mass  of  heat  flow 
and  vapor  through  the  oven,  and  volume  of  exhaust  ejected 
* 

*  * 
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into  the  atmoi^here  are  all  closely  related.     The  scope  for 
energy  conservation  in  these  areas  of  oven  operation  could 
be  up  to  10.%  of  current  fuel  consumption  levels. 


RADIATION.  FROM  OVEN  CASING 

<  Radiation  from  oven  casings  is  not  a  very  large  percen 
tage  of  the  total  heat  supplied  to  the  oven!     However,  an 
adequate  level  of  thermal  insulation >is  essential,  and  reg- 
ular inspection  of  the  casing  and  periodic  checking  of  its 
temperature  with  a  surface  temperature  pyrometer  is  recom- 
mended .  • 

The  Exposed  surface  area  of  an  oven  270  ft  long  x  4  ft 
high  x  5  ft  wide  would  be  about  3500  sq  ft.     Average  heat 
emission  from  a  flat  metal  sur£aice„  (horizontal  and  vertical 
radiation  plus  convection)"  is  about  2  ^tu/hr/f r3/°F  above 
J^mbi/nt .     If  the  room  temperature  were  120°F,  the  overall 
heat  loss  would  be  210  ,000  Btu/hr.     For  example,  an  oven,* 
Using  2  ,85.0  ,000  Btu/hr  represents  a  loss  of  7.4%.    A  rise 
in  surface  temperature  of  only  10%  increases  heat  loss  by 
an  acjditional  70,000  Btu/hr,  representing  an  increase  in 
overall  fuel  loss  of  2.5%*    A  partial. degradation  of  the 
thermal  insulation  could  easily  cau^e,  this  to  occur,  and  it 
would  iyot  noticeably  affect  oven  operation. 


/ 


BAND  HEAT  LOSSES 

-  •    This  area  of  heat ' loss  can  be  grossly  underestimated. 

t  ♦  # 

There  are  two  basic  types  of  bands:     mesh  and  solid.  • 

An  average  band  is  approximately  38  inches1  wide,  with 
a  maximum  width  of  42  inches.    The  speed  at  which  the  band 
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travels  through  the  oven  can  vary-vf^om  3(Tto  150  feet  per 
minute.  The  maximum  band  temperature  is  the  same  as  that 
of  the  product  (to  about  280°F)  .  For  example,'  a  band  moving 
at  700  feet  per  minute  in  a  282-ft  long  oven- would  haye  a 
residence  time  of  2 . 82.  minutes .  Simple  measurements  can 
be  taken  to  yield  the  heat  losses.  Equation  1  rs  used  to 
calculate  these  losses;  calculations  are  shown  in  Example  A. 


Heat  lass-  Q' 


..  .         specific  v  temperature 

might  *  *heat-  x  di££erentia 


ial 
Equation  1 


EXAMPLE  A 


HEAT  LOSS  CALCULATION 


Given:  Band  speed  -  50  £t/min 
 Band  width — ;-  38  in4he-s- 


>F 
•F 


Band  thickness  -  0.055  inches 
Specific  heat  -  0.21  Btu/lb/°F 
Maximum  band  temperature  -  240' 
Minimum  band  temperature  -  220' 
Find:  Heat  loss. 

Solution :v  Weight  =  50  ft/min  x  60  min/hr  x  38  in/12  in 

—   x  0.055  in/12  in.  x  485  lb/ft3 

,      =  21-,118-lb/hr  ^  - 

Heat  loss  Q  =_21jll8  x  0.-21  x  20  * 

=  88,696  Btu/hr 


The  loss  shown  in  Example  A  would  be  equivalent  to  a 
loss  of  31  of  the  total  heat  supplied,  based  on  an  overall 
oven  heat  consumption  of_  2,850,000  Btu/hr. 

If  doors  or  other  parts  of  the  oven  are  opened  during 
the  baking  cycle  (for  extra  cooling  of  ih&  product  or  any 
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other  purpose),  it  would  be  possible  to  increase  the  cooling 

of  the  band  from  220°F  to  200°F  or  lower.     The  heat  loss 
* 

would  increase  .proportionately  and,  thus,  reduce  the  overall 
thermal  efficiency  of  the  oVen.     For  the  purpose  of  energy 
conservation,  it  is  important  to  reduce  the  rate  of  heat 
losses  from  the  band  to  a  minimum. 

A  similar  evaluation  can  be  performed  for  a  mesh  band  * 
that  m has  a  density  of  4.2  l;b/'ft3.     For  ^this  type'of  band,  • 
the  temperature  .drop  can  , be*'  up-^tjD  50°F.    This  ,re{jjes§nts  a 
much  higher  percentage  of  total  heatv  loss  ,••  whrch  jpould  be 
in  excess  of  101.     Therefore,  minimizing  band  heat  losses 
is'  very  "'important. 


^ATMOSPHERIC  BURNER  SYSTEMS, 

* 

^  Onfi  nf  fhp  frrinripal   rH ^Hvflntagft^   -in   cutting  up  the 

atmospheric^burijer  system  fox  correct  air-to-fuel  ratio 
JlS- the, problem  of  negative  fpfessure  in  the  building  in  which 
the  ovens. are  located.*  This,  is. Caused  by  the  requirement 
for  combustion  air  £eirtg^ta4£en  from  the  building.     At  the 
present  time,  most  oven  burner  systems  are  of  the  premix 
type'/  and-  few  problems  are\enoountered .   1  *  , 

COMBUSTION  AIR  REQUIREMENTS' 

A  typical  oven  util ize&* approximately  11  cubic  feet 
of  air  per  cubic. foot  of  gas  burned.     For  a  typical  oven, 
the  fuel  requirements^are" between  3,^00(^000  and  6^00,0*00 
Btu/hr..   The  following  /show's  combustion  air  requirements 
based  on  average  cubic  feet%  of  air  requirements: 
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Fuel  used  -  4,500,000  Btu/hour 

Calorific  value  of  fuel  -  1025  Btu/cubic  foot 
(natural  gas)  <- 

4390  cubic  feet/hour 

Air  required  -  48,290  cubic  feet/hour  at  11  cubic 
feet/cubic  foot  gas  "  * 

*  ♦ 

The  heat  required  for  increasing  the  temperature  of 
the  combustion  air  could  be  extracted  from  the  oven  exhaust. 
The  capital  cost  of  such  a  project  would  require  development 
and  would  probably  result  in  a  singTe  combustion  air  system 
for  several  ,ovens .    All"  heat  necessary  for  heating  combustion 
air  ip  available  from  the  exhaust,' and  the  horsepower  required 
for  fans  would  be  small. 

Filtration  of  the  combustion  air  would  ensure  hygienic*  ^ 
conditions.     (At  present,  air  infiltration  is  not  filtered.) 
Airflow  balancing  of  the  whole  plant  would  improve  the  con- 


ditioning of  other  areas 


HEARTH  FURNACES  -  ELEMENTS  OF  FURNACE  CONSTRUCTION 

'The  elements  from  which  furnaces  are  built  are  simple 
and  we}*!  known';  however,  they  are  briefly  described  at  this 
point. 

In  most  furnaces,  the  stock  or  charge  to  be  heated  rests 
on  a  hearth.     In  order  to  protect  the  foundation  and  prevent 
the  hearth  from  becoming  soft  and  mushy,  open  spaces  are 
frequently  provided. under  the  hearth  for  the  circulation 
of  air;  the  hearth  is  then  said  to  be  Ventilated.  Fuel'and 
air  enter  the  furnace  through  ports  or  burners.    The  burners 
fire  through  burner  tiles.     The  combustion  products  leave 
the  furnace  through  vents  and  pass  through  flues  to  the  stack. 
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The  furnace  interior  can  be  observed  through  peepHoles  or 
sightholes.'    The  heating  chamber  is  surrounded  bfl^the  side- 
walls  carrying  the  roof/  which  is  usually  in  the  shape  of 
an  arch  resting  with  its  skewback  on  the  sidewalls  or  on 
external  steelwork.     The  support  for  the  skewback  is  known 
as  the  -abutment.    Skewb£cks  form  the  spring  of  the  arch, 
and  the  highest  point  of  the  arch  is  called  the  crown.  The 
distance  between  the  crown  and  the  chord  joining  the  skew- 
backs  is  called  the  rise  of  the  arch. 

The  thrust  exerted  by  the  arch  is  taken  up  by  the  bind-4 
ing,  which  consists  of  vertical  bucks tays  (made  of  iron  or 
steel  castings,  rails,  or  structural  material)  and  the  tie 
rods,  •or  tie  channels,  that  hold  the  buckstays  together.  " 
As  a  rule,  the  roof  is  arched  in  one  direction  only.  If 
the  arch  is  curved  i$  two  directions,  it  is  known  as  turtle- 
back  arch.    Arches  are  laid  up  in  Tings  or  are  bonded.  When 

laid-up-ln  rings,-- t-ho  arch — 


Figure  6.    Methods  of  Laying 
Brick  .Arches . 


consists  of  a  number  of 
separate'  layers ;  when'bonded, 
the  bricks  on  one  row  reach 
over  into  the  Jigxt  row.  1 
Figure  6  illustrates  the 
difference,    The^oofs  of 
moderij,  large  furnaces  are 
suspended  and  are  not  nec- 
essarily arch-shaped. 

The  most  common  mate- 
rial for1 furnace  construc- 
tion is  firebrick,  which 
is  made  of  fireclay.  Fire- 
bricks are  classified  as 
super-duty,  high-duty, 
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intermediate-duty,  and'  low-duty  brick.     Low-duty  bricks  con- 
tain minerals  that  lower  the  softening  point  of  the  bricks. 
The  bulk  of  the  brickwork  is  built  up  of"~ standard  bricks, 
the  size  of  which  for  many  years <has  been  2-1/2"  and  3"  series 
In  each  series,  a  brick  of  haPf  the  standard  thickness  is 
known  as  %  "split,"  while  a  brick  of  half  the  width  is  called 
a  "soap,"    In  order  to  avoid  expensive  cutting  of  -bricks, * 
furnaces  are  built  in  multiples  of  brick  dimensions.  All 
makers  of  firebrick  regularly  make  arch  brick,  wedge  brick, 
'doorjamb  brick,  and  bricks  of  many  other  shapes ^listed  in 
catalogues  and  price  lists.     Price  lists  can  be  obtained 
from  any  supplier.     Special  shapes  are  made  -tQ  order  and 
are  more  expensive  than  standard  shapes  listed  in  catalogues. 
For  the  purpose  of  reducing  h£at  loss,  furnaces  are  frequently 
built  of,  insulating  firebrick  (also  called  lightweight  fire- 
brick) ^r  covered. with  a  finely-divided,  refractory  insulat- 
ing material.     Lightweight  bricks  also  serve  as  insulation 
by  backing  up  dense  firebricks.     Firebricks  are  seldom  laid 
dry;,  as  a  rule,  they  are  laid  with  a  thin  layer  of  mortar 
between  them.     Occasionally,  firebricks  are  protected ■ against 
the  heat  and  furnace  atmosphere  by  a  wash,  which  is  either  , 
brushed  on^  or  sprayed  (shot)  by  a  furnace  gun-*  *  **\ 

Other  materia-ls  for  walls  and  roofs  of  furnaces  are 
plastic  fireclay  "and  hydraulic  heat-resistant  concrete  (cast- 
able)  , 

•  *  i 

DIRECT-FIRED  HEATERS 

Direct-fired  heaters  have  the  flame  and  products  of 
combustion  directly  in  contact  with  the  material  to  be  heated. 
Many  industrial  furnaces  use  this  Resign  to  heat  a  component 

 /»_  ,   ' 
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to  a  desired  temperature  before  performing  additional  manu- 
facturing operations.     Other  direct-fired  furnaces  indirectly 
heat  the  product  to  a  desired  temperature  to  allow  a  chemical 
reaction ^to  take  place:    The  design  of  heat  recovery  systems' 
for  direcjt-fired  furnace's  is  complex«and  specialized;  .hente, 
a  genera/  understanding  of  how  §uch  furnaces  operate  is  ap- 
propriate for  recognizing  the  potential  for  dnergy  conserva- 
tion. .  <v 


ECONOMY  AND ♦EFFICIENCY  \  K 

When  used  ih  connection  with  direct-fired  heaters, 
"economy",  anci  "efficiency"  refer  to  the  heating  cost  per 
unit  weight  .of  finished  product.     Therefore,  heating  cost 
includes  not  only  tfre  cost  of  fuel  b\it  'also  the  cost  of 
firing  and  tending-,  the  furnace,  ^amortization,  the  cost  of 
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maintenance  and  repair,^ and  the  cost  of  buVned,  spoiled,  or  . 
otherwise  rejected  pieces'.     Furthermore ,  ^^includes  the 
cost  of  machining  those  pieces  which,  at  inspection,  are 
found  to  be  defective  because  of  improper  heating.  .Finally, 
it  includes  the  cost  of  handling  the  material  as  it  goe's 
into  and  out  of  the  -furnace.  /  Sr  - 

With' so  many* different  factors  entering  into  the  heat-* 
ing,  it  is  possible  that,  in  some  cases,  tl\e  highest  priced 
fuel  or  other 'source  of* heat  energy  will  ultimately  be  the 
cheapest  in  relation  to vtotal v heat ing  cost.   .In  heating,  of 
certain  metals  (for  example.,  steel)  , -part  of  the  he^t  is*, 
furnished  by_6xid,ation  of  the  charge.     The  heat  pi  combustion 
of  iron  or  steel  is  2420  to  3240  Btu  per  pound  of  metal  (de- 
pending  on  the  kind  of  oxid£*  formed)  with  a^  average  2850  Btu 
per  pound.  '  If^At^el  is  heated  to  2200°F,  from^U  to  4°o  o£  the  ^ 
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weight  o£  the  charge  .is  usually  lost  by  scaling.  Conse- 
quently, 57,000  to  230  ,000  Btu^per  net  ton  of\teel  origi- 
nates,  in, the  oxidation  of  part  of  the  charge.     This  is  a 
minor  fraction  of  the  heat ^consumption  of  a  ditect-fired 
heater;  however,  this  fraction  is  very  expensive  since  steel 
'(2850  Btu/lb)  costs  more  than  fuel  oil  (140,000  Btu/gal")  or 
natural  gas  (1000  Btu/ft3).     Many  such  units  burn  fuel  with 
a  deficiency  -  of  air  (reducing  atmosphere)  to  control  the 
oxidation  of  the  product.  ^ 

There  are  many  types  of  direct-fired  heaters  in  which* 
fuel  cost  is  the  outstanding  item  of  expense  and  in  which 
)\,  fuel  economy  is  worthy  of  study,  in  addition  to  other,  factors 
comprising  total  heating  cost.    Moreover,  it  is  necessary 
t &  know  the' fuel  consumption  of  a*  furnace  iji  order  to  select 
.the  optimum  size  and.  numb.er  of  burners,  dimensions  of  ports, 
*  vents/  and  stacks;  ands correct  size  for  auxiliary  equipment. 
'  Direct*- fired  industrial  heaters  often  have  very  low 
ttt^mki  efficiencies.     Whereas  steam-generating,  unit  effi- 
ciencies range  fjrom  60%  to,  901;  direct-fired  heater  efficien-  ^ 
-  cies  are  .sometimes  as  low  as  51  in  combustion  types  and  not 
significantly  higher  in  electric 'types  (if^thermal  effi- 
ciency of  electric  energy  generation  is  inciuded  in  e^puting 
efficiency).     With  favorable  conditions,  excellent  design , 
.and  good  operatic;  direct-fired  heaters  can  offer  efficiencies 
up  to  601  or  slightly  higher;'  however*  such  high  v^Kies  are 
'the  exception  rather'  than  t  the  rule.     "EE  f  iciency "  Wf  ers* 
•  to  "fuel  efficiency"  -  the  ratio  of  the  heat.  mRut  into  the 
pyduct  to  the  he.at  available  from  the*- fuel. 

One  reason  for  the  differences  in  thermal  efficiency  . 
between  steam-generating  units  and  direct-fired  heaters*  is 
the  high  final  temperature"  of  the  material  heated.  "  Gases 
can  give  up  heat  Jo  the  charge  only  if; they  are  at  a  -higher 

•  ( 
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temperature  than  the  charge.     Consequently,  the  fl«£_ 
leave  direct-fired  heaters  at  a  very  high  temperature,  except 
for  a  short  time  after  a  cold  start. 


INDUSTRIAL  FURNACE  EFFICIENCIES 


The  products  of  combustion  should  leave  an  industrial 
furnace  at  a  temperature  50°F  in  excess  of  that  of  th^' ctfarge; 
hence,  two  almost  straight  curves  are  shown  in  Figure  7.?/ 
These  curves,  indicate  the  highest  possib-le  thermal  efficiency 
of  industrial  furnaces  as  a  function  of  furnace  temperature. 
The  curves  for  maximum  possible  efficiency  were  calculated 
for  simple  furnaces  , without  preheating  of  the  charge,  fuel , ; 
or  air.    As  a  rule, -tHe  thermal  ef f icierts#*&f  industrial 
furnaces  Ties  far  below  the  value  indicated  ,by  the  right-?  ;J 


T  PERCENT  COjOR  Og  IN  EXHAUST  GASES 
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i  PERCENT  FUEL  LOSS  IN  EXHAUST  OASES 

Example:  C02  In  Exhaust  Gas  •  9.9*.    Exhaust  Gas  Temperature  -  1000'F,  Percent 
Excess  Atr  -  2k%.    fuel  Loss  Out  of  Stack  -  5k.k%.    Q,  In  Exhaust  Gas<« 

Figure  7,     Industrial  Furnace  Stack  Losses, 
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hand  curves.     The  discrepancy  is  particularly  noticeable  in 
low- temperature  furnaces.     The  reason  for  this  discrepancy 
lies  in  the  facf  that  the  combustion  products  in  low-tempera- 
ture industrial  furnaces  dissipate 'high  heat  before  they" 
come  iir  contact  with  the  charge.     The  amount  of  use~ies<s  dis- 
sipation of  heat  varies  with  the  design  of  the  furnace.  Con- 
sequently, the  thermal  efficiency  of  industrial  furnaces 
varies  within  a  wide  range.     The  two  lower  curves  include 
a  bank  of  probable  efficiencies  of  average  industrial  fur- 
naces in  which  there  is  no  salvaging  of  heat. 


HEAT  LOSSES 


The' low  overall  thermal  efficiencies  experienced  in  in- 
dustrial  fiyrna^es  are  explained  by  a  clear'  understanding  of 
the  heat  distribution  in  a  simple  industrial  furnace.  This 
heat  distribution  is  illustrated  in  Figure  ,8.     The  heat  is 
liberated  in  the  combustion  chamber  and  a  portion  of  -the 
heat  passes  into  the  "Charge.     Some  of  the  remaining  heat^ 
passes  into  the  furnace  walls  and  SQme  into  the  hearth,  in- 
creasing their  temperatures.  .Heat  is  lost  to  the  surround - 
'  ings  by^radiation*  and  c'onvectdon  from  the  outer  surface  of 
the  walls,  by  conduct ion* into  the  foundations  u  .through  cracks 


REPRESENTS  HEAT  Fl/OW 
IN  THE  FURNACE 


Figure  8.     Heat  Flow  in  a  Furnace 
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or  other  openings  and  around  the  door,  by  conduction  and 
radiation* 'for  a  partially  exposed  charge ,  and  by  the  ignition 
of  fuel  in, the  flues.-  \  ■ 

Certain  kkat  losses  are  peculiar  to  certain  furnace's. 
In  furnaces  that  heat  only  part  of  a  long  piece  of  metal, 
heatpasSes  out  along  the  metal  from  the  part  inside  the 
furnace  to  the  part  outside  the  furnace  and  is  dissipated 

into  the  surroundings.     In  electric  furnaces,-  heat  is  losir 

♦  j 

in  the  conduction  of  heat  through' the  terminals  or  electrodes. 

Water-cooling  of  skid  pipes  and  conveyor  rollers  ab- 
sorbs large  quantities  of, heat  and  lowers  themal  efficiency. 
If  the  charge  is  heated  in  containers  or  on  traveling  chains, 
a  large  part  of  the  *hea.t  is  dissipated  into  the  open  after 
the.4evices  JLeave  the  furance.     Finally,  heat  passes  out  A 
with  the  products  of  combustion  in  the  form  of  sensible  heat 
or  as  undeveloped  heat  of  combustibles  that  have  escaped 
unburn ed,  — 

Fuel. economy  demands  that  the  fraction  of  total  heat 
that  passes  into  the  stock  be  as  large'  as  possible.  The 
first  step  toward  achieving  this  goal  requires**  the,  solution 
of  two  problems:     first,  determination  of  heat  losses  and 
methods  )>f  reducing  them;  second,  determination  of  the  quan- 
tity  of  fuel  or  electric  -^energy  required,  for^  heating  a  given 
amount  of  metal  to  a4given  temperature  in  a  given  furnace. 

The  greatest  contributor  to 'heat  loss 'in  industrial 

furnaces  is  furnace  stack  loss.     This  loss  includes  (tM  sen] 

sible  heat  in  ^combustion  products',  the  latent  heat,  of^wtf^er 

vapor,  plus  the  hfeating  value' of  any'iinburned  fuel  or  carbon 

monoxide.     Even  in  a  closelyrcontr.ol led  furnace,  this  loss 

cfcir  be  402  to  60S  of  the  heSt  content  of.  the  £uif*BBrndch! 

*  > 

-Other  areas  of  heat  loss  should  not  be  ignored.     It  is  very 
important,  for  example that  .ali  unnecessary  furnace  openings 
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be  pealed  to" prevent  furnace  gases  from  escaping  to, the 

surrounding  area.     However,  thes^  losses  are  usually  minor 

compared  to  stack  loss.     The  magnitude  of  stack  loss  from 

an  industrial  furnace  is  a  function  of  the  furnace  temperature, 

which  \%  determined^ by  the  product  processed.     Also,  stack 

loss  is^dependent  on  furnace  pressure  and  completeness  of 

combustion. 

In  most  industrial  furnaces,  the  escape  of  a  consider- 
able  amount  of  unburned  combustibles  in  the  flue  gases,  is 
unavoidable..    This  is  due  to  the  necessity  for  maintaining 
a  nonoxidizing  atmosphere  i-n  the  .heating  chamber  to  avoid 
excessive  scaling  or  oxidation  loss  of  the  stack.  >  Further- 
more, even  in  those  furnaces  in  which  an  oxid-izing  atmosphere 
is  permissible,  stratification  of  the  gases  often  persists 
to  such  an  extent  that^the  amount'of  heat  lost  depends  not 
only  on  the  design  of'  the  burners  and  furnace,  but  on  operat- 
ing requirements  as  Wfell.4  , 

* 

i 

FURNACE  DRAFT  AND  PRESSURE 

When  considering  the  pressure  conditions  in  heating 
and  annealing  furnaces,  the  following  rules  must  be  observed: 
1.,     -In  the  heating  of  metals,  the  pressure  in  the  heating 
chamber  must  be  atmospheric,  or  only  very  slightly  in 
excess  of  atmospheric,  at  all  heating  rates. 
2.      The  lower  the  temperature  to  which  the. material  is  to 
be  heated,  the  greater  the  necessity  for  thorough  cir- 
culation of  gaseB  in  the  heating;  chamber,  especially 
if  piped  or  coiled  material  is  Ito  be  heated  rapidly- 
, .  and  uniformly. 
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I£  the  pressure  in  the  heating  chamberrwere  much,  greater 
than  atmospheric,  flame  or  hot  gases  would  be  discharged 
from  all  openings.     If  it  were  much  lower,  air  would  be  drawn 
inland  the  material  would  be  oxidized  and  scaled.  (Excess 
air  in  the  heating  chamber  does  not  affect  ceramic  materials.) 

 In  a  tall  furnace ,  it  is  impossibl^  to  htfve  atmospheric 

pressure  ^t  all  levels  because  the  furnace  forms  a  'chimney 
or  stack.     Since  there;  must  be  a~d~if f erence  between  atmo- 
spheric  and  furnace  pressure  at  some  level  of  the  furnace, 
the  question  is  how  to  distribute  that  difference.     To  prevent 
the  entry  .of .  air ,  furnace  pressure  from  the-.hearth  up  is 
almost  invariably  abave  atmospheric  pressure,  with  the  excess 
at  the  hearth  being  as  little  as  1/200  inch  of  water  pressure 
while  the  excess  pressure  at  the -crow  of  the  arch -is  much 
greater,  depending  on  the  height  and  temperature  of  the  fur-  e* 
nace.     Furnace  operators  test  the  furnace  pressure  that  *pre- 
vails  near  the  hearth  by  watching  for  a  "stringer"  of  flame 
or  hot  gas  issuing  from  an  observation  hole  in  a  furnace 
door/    Fine  dust  dropped  in  front  of  the  door  opening  in- 
tensifies the  indication. 

ItK is  easier  \o  maintain  the  desirable  condition  of 
"carrying  a  siftall  pressure  ~at~  the'level  of  the  hearth  if  the 
discharge  ports  for  combustion  products  are  located  in, or 
near  the  hearth  rather  than  near  the  roof.    With  an  opening 
in  the^roof,  the  furnace  becomes. a  chimney  that  draws  in 
,cold  air  around  the  door  (or  through  .it,  when  it  is  open) 
and  through  all  the  cracks  and  crevices,  unless  the  outlet  4 
is  sD  restricted  that  its  resis tancfe ^counterbalances  the 
chimney  effect. 

Restriction  of  a  top  outlet  can  be  accomplished  by  using 
a  damper.     However,  dampers  must  be  manipulated  frequently  , 
in  order  to  adapt  the  resistance  of  the  outlet  to  the  flow 
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rate  of  the  flue  gases,  Since-tjie  hot  gases  rise  directly 
to  the  hole  in  the  roof  with  the  shortest  .possible  travel, 
the  heated  stock  lies  in  a  dead  mass  of  comparatively  cold 
gas  and  receives  heat  by  radiation-  only. 

In  the  range  of  temperatures  for  which  furnaces  of_Jthis 
type  are  used,  radiation,  is  comparatively  weak.    There f  ore  ,~ 
circulation„of  gases_^r_ound„tlxe._ch&rg:^_  is  needed.  (Figure^!, 
It  should  be  noted 
that  a  short  path  of 
gases  in  a  furnace 
keeps  them  from 
giving  up  touch  heat 
and  permits  them  to 
escape  .with  £  tem- 
perature considerably 
above  that  of  the 
furnace'  interior, 

~    If  the  outlet 
port  is  located  at  . 
the  bottom >  then  the 

old  saying  that  Mthe       -  •    

flame  must  lick  the  hearth"  can  be  put  into  practice, t although 
it  may  have  to  be  modified  by  substitution  of  "heat11  for 
"flame11  if  the  current  of  gases  is  clear  and  invisible*  With 
this  arrangement,  buoyancy  tends  to  keep  the  hot  g^ses  in 
the  furnace  instead  of  sweeping  them  out. 

In  order  to  maintain  the  proper  pressure  in  the  furnace, 
correct  port  location  alone  is  not' sufficient  -  port  size 
must  also.be  considered.    Again,  it  must  be  kept  in  mind 
that  a  slight  excess  pressure  is  to  be  maintained  in  the 
furnace.    Therefore,  the  purpose  of  ports,  flues,' and  stacks 
is  not"  limited  to  creating  draft  in  the  furnace,  but  to  using- 


Figure' 9,     Recirculating  Furnace,  ^ 
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the  heat  efficiently  before  carrying. away  the  products  of 
combustion.     In  this  respect,  many  heating  furnaces  are  dif- 
ferent from  boiler  furnaces,  in  which  the  stacks  draw  air 
through  the  fuel  beds.     The  combination  of  flue  and  stack 

.must  be  of  such  dimensions'  that  the  draft,  which  it  produces 
in  conjunction  with  the  furnace  pressure,  equals  the  sum 
of*  the  velocity  head  and  the  friction  head. 

*      In  order  for  tHTs  condition  to  exist  at  ail  rate^  of 
heating,  there  must  be  a  delicate  balance  between  flue  gas 
flow,  flue  and  stack  opening,,,  and  stack  temperature.  This 
balance  is  not  easily  maintained  in  practice  solely  by  the 
size  of  vents  and  flues.     Flues  are  usually  made  too  large, 
and  dampers  are  provided  for  balance  control.     This  arrange- 
ment places  the  furnace  at  the  mercy  of  the  attendant  who, 
by  working  at  all  times  with  a  wide-open  damper,  may  draw 
vast  quantities  of  excess  aii^tnto  the  furnace,  to  the  detri- 
ment of  both  fuel  economy  and  product  quality.     In  large 
and  critical  furnaces,  the  dampers  are  moved  automatically 
(by  power)  and  "balanced  draft"  is  maintained  in  the  heating 
chamber  by  draft-controlling  devices  quite  similar  to  "those 
used  in  connection  with  boiler  furnaces  working  with  forced 

~<iraFE7  ;  \  *  '  —  

An  adjustable  opening  near  the  lower  end  of  the  stapk 
is  a  convenient  and  effective  method  of  controlling  the  draft 
It  is  jiot  always  reliable,  however,  because  the  entering 
cold  air  gradually  changes  the  temperature  cif  the  wall  of 
the  stack.     Changes  in  wind  velocity  and  direction  also  exeyt 
an  erratic  influence.    The  adjustment  is  not  stable.  In 
a  large  number  of  furnaces,'  an  effective  pressure-regulating 
device  is  to  resort  to  flues4  and  stacks  made  too  large,  and 

'flue  ports  placed  quite  close  to  the  door  or  doors,  with 
care  taken  that  the  doors  fit  loosely  at  the, bottom  corners. 
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Under  average  operating  conditions,  cold  air  is  drawn  in 
through  the  door  whether  J. t  is  closed  or  open.    The  air  cannot 
do  much  damage^>ec3Tl5-e-^  circuits  itself  directly 

into  the  flue  without  reap^fefthe  interior  of  the  heating 
chamber,  '  The  cold  air^ffcludes  the  ^demand  of  the  stack  by 
depressing  the  stack  telip^ature  and  satisfies  the  remaining 

demand  by  increasin^l^S^^^ft  f  1  nw  without  perceptibly  

cooling  the  furnace t-? 

J        In  long,  n^ro#^^P^5  of  the  "batch  type,  ports  are 

needed  alonjj^tjie  e^^^^Figthj  all  ports  cannot  be  located 

\ear  the  [dpV&f    In'^is^jdase ,  a  J>pIefAear  the  bottom  of  each 

vertical  >£ftie  Will '  Jfc'ommpdate  Jfcwidp  range  of  firing.  The 

s4me  pur^ale  is  served'  b^i^i^wattlfefd  vertical  flues  that 

give  off  heat  to  the  sW^o^^^s^  When  the  furnace  is  driven 

hard,  the- flue  tempera.tur.j^^fei^her  and  the  draft  is  better, 

Gf  course,  none  of  thes^|^^utomat ic  methods  works  well 

•when  the  furnace  is  f  ir^i^up^f  rom  a  cold  condition. 

Even  if  the  expedient       making  the  ports  "slightly 

too  large"  is  employed,  t^^^ppVoximate  Size  of  the  ports 

must  still  be  determined,  'f'-fhe  solution  to  this  problem  in- 

volves  two-^s-teps-:  On*  consists  of  computing  th'e  quantity 

of  combustion  products  in  unit  time;  the  other,  in  fixing 

the  Velocity  w^th  which  the  produces  flow  through  the  ports 

and -flues  so  that  .they  create  neither  draft  nor  excessive 

back  pressure,    A  'technical]^  correct  solution  to  the' problem 

would,  involve  (1)  the  proper  heating  capacity  of  the  furnace 

and  (2)  the  fuel  consumption.     For  large,  special  furnaces, 

<the  procedure  is  indeed  4tecessary ;  but  for  the  ordinary  run 

of  commercial  furiiaces,  it  is  out  of  the-  question  since  the 

i 

quantity  and  shape  of  ^material  to  be  heated  are  seldom  known 

beforehand^    For  this  reason,,  it  pays  to  derive  Jverage  figur 

arid  to  base  flue  sizes  on  tlrem,*    The  flues  will  'be  too  large 

> 
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in  m^ny  cases,  but  a  tile  properly  placed  across  the  top 
of  each  flue.will  produce  the  proper  back  pressure. 


STACK  GAS  LOSSES 


The  existence  of  stack  gas  loss  was  realized  quite  early 
in  the  development  of  furnaces.     Steps  were  taken  to  minimize 


stack  gas  loss  by  utilizing  the  sensible  heat  of  the  flue 
gases.     This  can  be  accomplished  by  using  one  or  more  of 
tKe  following  methods:         j  \ 

•  Preheating  the  cold  charge,  using  flue  gases 

•  Preheating  the  combustion  air  (and/or  fuel)  ^ 
'*  •  Generating  steam,  using  wa^te-heat  boilers 


Preheating  Cold  Charge 

This  method  was  first  practiced  in  the  use  of  preheating 
chambers  and  appears  in  its  most  effective  form  in  some  con- 
tinuous furnaces.     If  a  preheating  chamber  is  provided,  a 
Considerable  fuel  savings  can  be  obtained.    The  amount  saved 


^depends  principally  on  the  temperature  of  the  main  heating 
chamber  and  on  the  size  of  the  preheating  chamber,  in  relation 
to  the  size  of  the  finishing  chamber.     If  the  chamber  sizes 
ai*e  properly  related  to  each  other  and  to  the  size  of  the 
heating  -stock,  and  if  the  furnace  design  and  operation  are 
correct,  the  products  of  combustion  will  leave  each  chamber 
with  a  temperature  approximately  100°F  above  that  of  the 
chamber. 
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Preheatin'g  Combustion  Air  or  Fuel 

\     This  method  of  improving  the  economy  of  combustion- 
type  furnaces  consists  of  utilizing  the  heat  of  the  stack 
gases  for  the  preheating  of  combustion  air,  fuel,  or  both. 
In  connection  with  this  method,  three  questions  are  of  prac-. 
tical  interest:  ' 

1 ,      What  fraction  of  the  j:\xel  can  be  savedTby  preheating 

either  the  fuel  or  the  air? 
2/     What  type  and  what  area  of  heating  surface  are  required 

for  preheating? 

3,      Under  what  conditions  is  it  advisable  to  use  preheating 
•  devices? 

The  fraction  of  fuel  saVed  by  preheating  the  combustion 
air  can  ke  computed  by  using  the  mean  molal  -heat  capacity 
of  air  at  constant  pressure  for  the  "temperature  range  of 
65?F  to -the  desired  preheating  temperature,.    Total  mass  of 
the  combustion  air  is  preheated  to  400°F  and  used  in  firing 
fuel  oil.-   The v reduction  in  fuel 'consumption  ranges  from 
9%  with  an  exit  gas.  temperature  of  1600°F  to  14,5%  with  an 
^xls_t^gas_t_emp^rature  of  2600°F,     Similar  reductions  are 


available  with  other  ftiels.  Increasing  preheating  temperature 
increases  percentage  fuel' reduction* 

-  Preheating  combustion  air  also  results  in  quicker  combus- 
tion.   With  slow-burning  fuels,  such  as  blast-furnace  gas 
and  producer  gas,  quick.er  combustion  is  considered  to  be 
an  advantage;  however,  with  quick-burning  fue^Ls,  such  as 
city  gas  or  coke-oven  gas,  it  is  often  considered  to  be  a 
disadvantage.     With,  quick  combustion,  it  is  difficult  to  m 
produce  a  long  flame  that  extends  all'  the  way  across  the 
hearth.     For  that  reason,  experienced  furnace  engineers 
occassionally  limit  the  preheating  temperature  of  air. 
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There  are  two  distinctly  different  md^^ds  for  preheat- 
ing combustion  air,     I iv one;  method,  the  outgoing  flue  gases 
transfer  a  "part  of  their  he'at  to  the  incoming  air  in  a  steady 
flow  through  a  wall/    This* heat  exchanger  is  called  a  recu- 
perator, and  the  furnace  is' said  to  be  recuperative.  In 

„  another  method,  the 


RECUPERATOR 


FUEL 


AIR 
FUUE 

HEAT- 
XCHANGING 
SURFACE 


outgoing  combustion 
products  impart  heat 


a,  Rteuparatlvfc  Furnace 


to  brickwork  or  to 
metal  plates  in  a 
heat -exchanger  cham- 
ber, which  bad  pre- 
viously been  heated 
by  the  flue  gases, 
The  direction  of  the 
'hot  gas  flow  is  Re- 
versed at  regular  in- 
tervals .    This  furnace 
is  said  to  be  regen- 
era£  ive ,     Re^uperat  ive 
and  regenerative  fur- 
naces are  illustrated 
in  Figure  10, 

Recuperators  can 
be  subdivided  into 
three  classes  accord- 
ing to  the  flow  of  the 
stack'g-ases  and  the 
counter- flow,  parallel  -  flow,  and  cross-flow  (Figure  11) « 
Parallel*- flow  maintains  the  lowest  maximum  temperature 
at  the  recuperator  walls, /  Because  of  this  "lowest  maximum 


b.  Rtgant/atlve  Furnace 


Figure  10,     Recupei^five  and 

Regenerative  Furnaces s 


air: 
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temperature,  parallel -flow  is  used  in  connection  with  metallic 
recuperator  waHs  whose  temperature  must  be  kept  compara? 
tively  low, 

STACK  GA8E8 


STACK  GASES 


1 


if  fff 

aw  Am- 


T 

-ah?  - 


K    Counter-flow  Reeup#r*tor  to.   Par«lltl-Flow  Recuptrmtor 

STACK  GASES 


AIR 

STACK 
GASES 

c.    Cron-Flow  Rtcuptrttor 

Figure  11.     Types  of  Recuperators. 

Some  designs  combine  the  three  tyfe^Cf^r^cup  era  tors  . 
Cold  air  is  caused  to  circulate  around  the  hot  end  af  the 
tubes  or  plates  in  order  to  keep  them  cool.     It  is  then  by- 
passed, to  the  cold  end,  and  from  there  flows  with  a  combina- 
TToFl>ir^^  the  'hot  en<*  again. 

On  the  air  side,  the  heat-tr,ansf er  coefficient  increases 
as  air  velocity,  increases .     Therefore,  it  is.  desirable  to 
pass  the  air  through  at  high  velocities  in  order  to  reduce 
the  size  of  the  recuperator.    This  is  practicable  up  to  the 
speed  at  which  the  increased  cost  of*  power  for  moving  the 
air  against  the  corresponding  pressure  balances  the  reduction 
of  the  cos^bf  the  recuperator. 

On  the  flue-gas  side,  however,  this  rule  does  not  hold.  „ 
An  increase  in  velocity,  although  it  increases  the  convective 
heat  transfer,  requires  that  the  gas  passages  be  reduced 
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in  width  for  a  given  quaatity  of  gases,  thereby  decreasing 
gaseous  radiation,    -The  net  result  may  actually  be  a  decrease 
^of  the  total  heat-transfer  coefficient  on  the  gas  side,  Equa 
tions  for  heat  transmission  in  recuperators  are  given  in 
Table  l.i  '  —  :  •      ?  * 


TABLE  1.     GENERAL.  EQUATIONS"  FOR  '  HEAT  . 

 TRANSMISSION' IN  RECUPERATORS. 

—  .  . — -j  .  j  .  - 


mean 


Wair  (T  air  in  -  Tair  out)  CPgas  "  U  A  ATmean 
^stack  gas 

^stack  gas  "  Wgas  ^Tgas  in  -iair  out^  ^Pgas 


iir      air  v  air  in  -  air  out'  rair 


^gas  ^gasin  —  Tgas  out^  Cpgas  *  \ir  ^air  in  -  *air  out'  ~rair 


T  . 


where: 
Vs  "  lb  gas/hr  ■ 

Wair  *  lb  air/hr 

T  *  M  Temperature  of  air,  °F 


Btu 


Cp  '  »  Specific  heat  of  gas  or  air,  ^  -  op 


UL     «  Overall  heat  transfer  coefficient,  ^  -  Sqt£t  *p 

A      »  Heating  surface  sq  ft 

AT        «  Log  mean  temperature  difference  -  air  and  gas,  °F 

mean  w 
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From  a  heat- transfer*  standpoint ,  the  best  design  of. 

* 

a;  recuperator  causes  the  flue  gases  to  travel  slowly  in  large 
passages  /  while  the  air  is  passed  through  at  high  velocity 
In -metallic  recuperators,  the  latter  requirement  is  easily 
fulfilled;  in  tile  recuperators,  the  joints  cannot  be  made, 
ami  kept  tight,  in  spite  tff  the- greatest  .care.     Even  a  slight 
excess  of  air  pressure  over  that  of  the  gas°es*keeps  both 
adr  and_gasrvelocities  low" and.  makes* up  for  the  reduced  con- 
vection hea*  transfer  by  providing 'a  secoridary-o*£5hdirec t 
heating  surface  inside  the  air  passages. 

Although  recuperators  invoke  considerable  fuel  savings, 
#their- practical  use  has  been  rather  limited  since,  in  high- 
"temperature  work,  metallic  recuperators  burn  out  unless  they 
are  macfe?  of  expensive  heat-resisting  alloys  or  unless  expen- 
sive .iheans  of  temperature  control  are  installed.     Tile  re- 
cuperators-always  leak  —  sooner  or  later. 

The  amount' -of  leakage  octurring  m  a?  tile  recuperator 
,.can  be  detefmined  if "  the  quantities  of  air  entering  and  leav- 
ing  can*  be  metered  accurately.     Bo>th  the  quantity  and  the 
location  of,  the  leaks  should  ,be  dfetermined. 

In  most  designs  .of  recuperators,  air  leaks  out  of  the 
air  passages  and  finds  its  way  into*  the  gas  passages.  The 
best  procedure  is  to  take  samples, of  the  gases  where  they  '  * 
enter  the  recuperator,  (in  various  passes  and  at  th£  outlet) 
and  then  make  Orsa£  analyses  X>£  the  samples.     If  the  carbon 
dioxide  decreases  arfd -the  oxygen  increases  frorfi  one  sample 
to  the  "next,  a  leak  exists  between  the  points  at  which  the 
two  .samples  were^taken.  ^  •„ 

Ph  order  to  estimate  the  effect  of  unif  ormly^b^tributed 
leaks ,  "iH /is  customary  to  assume  that  all  leakage  occurs 
at 'the  hot'  end  of  the  air  passage  where  it  would  do  the  great 
est  harm.    The,?  leakL  causes  an  insufficient  volutoe  of  air 
r.  <h        r    *         '  *     :*     '  ' 
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to  flott  to  the  furnace,  and'tkg  f^an  must^be  speeded  up  to 
restore  the  'supply.    More  air  than  intended'  is  heated  on 
the  original  -  heating  surface,  and  the  temperature  -  as. well 
as  the  radiating  capacity  of  the  hot  flue  gas  -  is  lowered 
by  dilution' with  air.     If  a  concentrated  leak  causes  the s 
preheating  to  be  (x)  degrees  lower  than  it  would  be  in  a  ti'ght 
recuperator,  it  is  common  practice  to  assume  that,  with  tini- 
formly  distributed  leaks,  the  preheating  is  lowfered  1/2  (x) 
degrees. 

Another  reason  for  the  somewhat  limited  use  of  recuper- 
ators  lies  in  the  working  cycle  of  many  heating  operations . 
In  annealing,  for  instance^  furnace  and  charge  are  heated 
and  cooled  together.    A  recuperator  would  save  heat  during 
so  small  a  fraction  of  the  cycle  that  it  is  usually  omitted. 

-  -Many  installed  recuperators  are  not  kept  in  use  because 
they  are  not  easily  accessible  for  repairs,  replacement, 
and  cleaning. 

Regenerators  were  originally  designed  for  the  purpose 
of  raising  flame  temperatures  to  high  levels  —  not  for  the 
purpo'se  of  heat  salvage  —  so  that  many  industrial  processes 
reflujLring  very  high  temperatures  could  be  performed.  Regen- 
erative furnaces  have  very  limited  use  in  industrial ' heat- 

ing.  ■  :      .  { 

In  addition  to  the  furnace  itself,  much  floor  .space 
is  required  by  the  reversing  valves  and  the  stack.     The  regen- 
erators, which ^necessarily  arte  b/low  the  furnace,  must  be 
made  accessible  for  inspection  and  repair.    This  requires 
either  a  deep  excavation  or  a  Very  high  furnace  floor.  There 
ara  practically  no  small  regenerative  furnaces  in  use,  since 
a  regenerative  furnace  is  not  portable  and  regular* reversing 
requires  attention.    This  type  of  furnace  'cannot  be  moved 
with  ease  becau'se  it  needs  ^  tall  stack  and  becomes  part 
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of  the  building.     Instead  of  fitting  into  the  natural  course 
of . manufacturing  operations,  those ^manufacturing  operations 
must  frequently  be  changed  to  suit  the  furnace;   , Its  use 
is  limited  to  melting  glass  and  steel , 'heating  large  forgirigs, 
and  forging  ingots  and  other  irreuglar  pieces  of  varying 
.  size  that  cannot  be  pushed  through  a,  continuous  fufnace. 
Recuperators  will  eventually- replace  regenerators;  except 
where  the  recuperator  may  become  clogged  because  of  the  nature 
of -the  combustion  products.  /  . 

Important' -relations  exist  between  size  of  furnace  and 
regenerator,  time  between  reversals,  .thickness  of  brick, 
.   conductivity,  of  brick,  and  heat-storage  ratio  of  brickv  In 
order  to  understand  these  relations.,  it  is  advisable  to 
follow  the  events  .that  occur  during  reversal  (Figure  12), 
At  the  time  of  reversal,  the  combustion  products  in  the  flue, 
regenerator,  and  uptake  must  pass  the  burner  before  preheated 
air  is  ready  to  sustain 
combustion  in  *front.of-  the 
burner.     The  time  required 
for  this  process  is  the  sum 
of  the  durations  required 
for  throwing'the  valvfe/ 
bringing  the  moving  column" 
of  combustion  products  to  \ 
rest',*  starting  them  in  the  . 
(    opposite  directi^ojis,  and 
passing  them  up  to  the  .  . 
burner.     Some  mixing  of 
waste  products  and  incoming 
air  consumes  5  to  30 
seconds >  depending  on  the 
size  of  the  regenerator* 


STACK 


Figure  12,    .Events  at  Time 
of  Reversal 
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During  part  of  the  time,  a  mixture  of  waste  gasps  and  air 
sweeps  over  the  hearth  of  the  jiurnace,  producing  oxidation. 
In  furnaces  firmed  with  producer  gas  and  those  in  which  bpth 
,  air  and  gas  are  regenerated,  an  additional  delay  is  Caused 
t  }>y  the  escape  of  at  least  the.  capacity  of*  one  regenerator 
Pof  gas  tQ  the  stack  at  each  reversal;  moreover,  too  freouent  _ 
^reversals  distract  the  attention  of 4 the  operator  from  dther 
■!  equally  important  work,  unless  the  reversing  is  done  auto- 
matically *by  a  clock. 

On  the  other  hand,  long  periods  between  reversals  neci 
sitate  a' great  weight  of  brickwork  in  the  checker  b'ecause  ' 
of  the  great  quantity  of  heat  that. must  be  stored  between 
reversals.     This  results-  in  larger  regenerators  and  in  greater 
first  cost.     Furthermore,  long  periods  of  reversals  result 
in  lower  ayerage  temperature  of  preheatthg  and,  consequently, 
in  reduced vfuel  economy. 

.Since  there^ are  arguments  in  favor  of  both  Short  and 
long  periods  of  reversal,  'it  follows  that  there  will  be  a 
most  favorable  period  for  each  furnace.     A  considerable 
departure  on  either  side  from  that  period  will  p.roduce  a 
change  in  fuel  economy.     The  result  is  that  a  great  variety 
of  -reversal  periods' are  found, in  practice:     four-door  furnaces, 
such  as  ate  used  m  rolling. mills ,  use  five  minutes;  in  blast- 
furnace stoves,  the  time  between  Reversals  is  much  longpr. 
Moreover,  the  gas  period  and  the' air  period,  are  different1. 

Accumulation  of  dust  on  the* bricks  and  slagging  of  the 
brick  surfaces  caus*e  the  efficiency  of  heat  transfer  to  de- 
crease as  the  furnace  becomes  No  definite  information 
is  available  on  the  conducTiv^p^  of  dust  deposits ;  in  any 
case,  the  effect  of  such  deposits  must  depend  on  their  thick- 
ness.    The  overall  coefficient  may  be  reduced  as  much  as 
20%  by  the  insulating  action  of  dust  deposits.  'Slagging, 
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which  occurs  only  on  the  upper  courses  of  checker  bHcks, 
reduces  the  capacity  of  the,  surface  for  absorbing  radiation. 
The-  few  data  available  seem  to  sliow  that  gas-  radiation  may  .  . 
be  reduced  - 10%  .by  slagging,  resulting  in  a  reduction  of  9% 
in  the  overall  coefficient.- 

Horizontalrf low  checkers  are  always  much  less  efficient 
than  the  vertical-flow  type.     The  hot  gases  hug  the  top  of 
the  checker  and,  after  reversal,  most  of  the  cold  air  parses 
along  the  lower  part  of  the  checker  -  little  of.it  comes  t 
in  contact  with  the  bricks  that  have  been  heated  by  the  gases. 
The  importance  of  preheating  air  leakage  into  checker  chambers* 
.and  especially  into  the  downtakes,  is  obvious ..' The  air  can- 
not possibly  be  heated  to  a  higher  temperature  than  that 
at  which  the  gases  enter  the  checker,  no  matter  how-much  . 
checkerwork  is  provided  or  how  efficient  it  is^ 

In  heating  furnaces,  there  is  no  reason  Why  the  down- 
'takes  should  not  be  insulated.     Insulation  of  the  checker  , 
chamber  proper  saves  energy  by  re^ucing^the  heat  conducted 
through  the  frail  and,  to  a  greater  extent,*  by  preventing, 
infiltration  of  cold  air.     Modern  -regenerators  are  usually 
either  encased  in  an  airtight  steel  shell  or  coated  outside 
with  a  sealing  cement.  . 

t  > 

.Waste-Heat  Boilers*  v 

The  third  method  of  utilizing  the  heat  of  combustion 
products  is  the  generation  of  steam  througlTwaste-heat  boilers. 
The  amount  of  steam  that  can  be  generated  from  a  given  fur- 
nace depends  on  the  weight ^of  the  .flue  gases  in  unit  time, 
their  ^pmperature  at  entrance*. fo  the  "boiler,  and  the  tempera- 
ture to  which,  thtfy  can  be  cooled.     The  temperature  of  the 

*> 
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gases  at  entrance  to  the  boiler  should  be  approximately  equal 
to  the  furnace  temperature,  except  when  the  boiler  is. used 
in  connection  w'it^h  a  continuous  furnace.     In  this  case,  the 
flue-gas  temperature  depends  on  the  heating  rate.     In  heat- 
ing-furnace practice,  waste-heat  boilers  are,  practically 
never  used  if  the  furnace  is  equipped  with  either  a  regen- 
erator or  a  recuperator. 

The  flue-gas  flow  depends  on  the  heat  .requirements  of  . 
the  furnace  and  its  temperature,    .The  temperature  of  the 
hot  flue  gases  entering  the  boiler  may  slightly  exceed  the 
temperature  of  the  furnace  if  the  boiler  is  mounted  immediately 
above  the  furnace  and  is  connected  to  the  furnace  by  a  very 
short  flue.     The  flue  gases  will  be  cooler  than  the  furnace  - 
if  the  boiler  is  set  some  distance  away  from^the  furnace. 
The*  temperature  of  the  stack  gases  at  the  bc>iler  exit  depends  * 
on  the  *rate  of  gas  flow,  temperature  of  entering  gases,  heat-* 
ing  surface  of  boiler,  steam  and  water  temperature^  and  co-  % 
efficient  of  heat  transmission.     The-  heat*  transfjer  coeffi- 
cient varies  with  the  velocity  of  the  gases,  the  cleanliness 
of  the  boiler,  surface  inside  and  out,  and  the  arrangement 
of  the*  passes,  , 

Much  waste  heat  is  available  from  2200°F  furnaces;  a 
comparatively  small  amount, is  available  from  1400°F  to  1600°F 
furnaces,  unless  fan  draft  is  used  and  the  gases  are  cooled 
to  a  low  temperature.     To  make  the  installation  a  success,   *  — — 
several  precautions  must  be  obJerved  in  the  design  and.  opera- 
tion of  the  combined  furnace  and  wastei-heat  boiler.     The  . 
furnace  doors  must  be^^eVigned  so  that  they  are  reasonably 
tight,    Tf  the  doors  lare  poorly  fitted,  broken,  or  partly 
open, . a. large  quantity  of  flue  gas  is  discharged  into  the 
building.     Furthermore,  the  ftfmace  proper  must  be  shut  tightly 
at  all  times.     If  doors  must  be  open  because  large  ingots 

.  -  '  :   >   -  -  "\  ■  • 
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project  into  the  room,  the  openings  around  the  ingots  should 
be  filled  with  brick  and  fireclay.     The  flue  leading  from 
the  furnace  to  the  boiler  must  be  made  as  short  and  direct 
as  possible,    A  long  flue  causes  temperature  loss  or  draft 
loss,  and  usually  both,     A  long  flue  also  makes  it  difficult 
to  start  the  furnace  and  boiler,  such  asi  an  auxiliary  grate  t 
or  an  oil  or  gas  burner, 

» 

It  seldom  pays  to  attach  a  waste-heat  boaler  to  a  -single 
in-and-out  furnace,  because  of  the  intermittent  operation 
of  the  furnace.     Forge  furnaces  are  cooled 'between  successive 
ingots  and  discharge  fairly  cool  'combustion  products  after 
charging  of  a  fresh  ingot;  during  the  soaking  period,  the 
firing  rate  is  reduced.     The  same  is  true  of  mill  furnaces. 
For  this  reason,  two  or  three  furnaces  frequently  discharge 
their  combustion  products  through  one  waste-heat  boiler. 
This  combination  is  quite  popular  for  small  forge  plants 
or  for  small  mills  in  which  the  one^waste-heat  boiler  fur- 
nishes the  only  source  of  steam  and  power,  x 

The  fire-tube  boiler  is  no t~  suitable ,  tor  installations 
where  the  temperatures  vary  rapdily because'  tube  leads 
develop;  nor  is  it  desirable  tfhere  the  feedwater  is  very 
bad,  because  of  the  difficulty  of  removing  scale,  ~  Ifi  such 
cases,  water- tube  boilers  are  used.     The  two  types  have  been 
found  to  have  about  the  same  efficiency  of  heat  recovery 
when  the  gases  are  above  1800°F; 

'Recovery  of  waste  heat  from  industrial* furnaces ,  when 
property  applied,  can  provide  very  attractive  reductions 
in  totail  fuel  consumption,-   However,  the*  design  and  installa- 
tion of  recuperators,  regenerators,  and-waste-heat  boilers 
require  specialized  engineering  experience  to  ensure  safe, 
efficient  operation.  « 
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FUEL  SAVING  IN  OPEN-HEARTH  FURNACES 


The  following  discussion  was  designed  for  practical 
guidance  in  the  "operation  of  nearth  furnaces  —  in  particular 
for  steel  making  -  butyiias  a  general  bearing  on  all  types 
of  regenerative  hearth  furnaces. 

The  problem  of  saving  fuel  in  opea-hearth  furnace  prac- 
tice is  inseparable  from  problems  of  steel  output  and'refrac- 
'tory  consumption.    However,  m  ^addition  to  alterations*  in 
furnace  design  and  construction,  there  are  points  to  be  noted 
in  practice  that  tend  to  reduce  the  fuel  consumptftoh  without 
adversely  affecting  output  or  wear  of  brickwork  and  may 
benefit  either  or  both.     A  number  of  these  are  -^set  out  below. 

•  Gas  pressure  should  be  kept  at  the  pressure  consistent 
with  the  required  output  rate  for  optimum^orking . 

•  Culverts,  valves,  and  furnace, brickwork  from  producers 
to  gas  ports  should  be  examined  regularly  and  repaired 
when  necessary,-  .There  should  be  no  leakage  at  these 
places, 

*  •  • 

•  Combustion  in  the  furnace  needg.  special  consideration, 
Correct^nixture  of  gas  and  air  is  essential  to  give  1 
the^maximum  heat  to  the  bath.     If  the' air* and  gas  are' 
'not  measured,  oT  the  ratio  of  air  to  gas  is  nt>t  indi- 
cated on  an  instrument,  the  flame  should  be  closely 

watched.  *  It  should ^be  highly  luminous  and  not  unduly 
long;  the  tip'should  on- no  account,  reach,  the  outgoing 
block;  and  it  should  give  the  maximum  practicable 
cove-rage  of  the  hearth,    .Too  long  a  flamfe  result^  in 
r       damage 'to  the  outgoing  ports  "and  tends,  to  Werheat^  . 
slag  pockets  and  checkers,  /  ■* 

V       »       '  -  *  y 

•  A  slight  pressure,  but -not^an " over-pressure ,  should    i  . 
be  kept  up  in-the  furnace,*  A  slight ;pressure"  prevents  , 
excessive  cold  air  from  being  draWn  in*  and  saves  the 
.amount  of\fuel  necessary  to  heat  the  air  to  furnace, 
'tempefcatui^.    An  over-pressure  forced  too' much  flame 
through  openings  in/the  furnace" structure,  wasting  heat^ 
outside  the  furnace  and  damaging  strvUc€ural  steel  and-,-*** 
brickwork."  Normally a  "slight  flicker  of- \£f£me  visible 
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at  the  doors  is  an  indication  of  correct  pressure. 
Dampers  are  arranged  to  work  easily  and  should  be  ad 
justed  according  to  the  amount  of  gas  being  burned. 
The, more  gas  used,  the  greater  the  quantity*  of  waste 
gases  formed  and,  consequent ly>  the  wider  the  damper 
must  be  opened  to  give..the  fextra  draft  required  to 
clear  the  furrface. 
♦ 

Gas  ports  and  slopes  should  be  fettled  frequently  in 
order  Ito  maintain  correct  alignment  and  frame  direc- 


Reversais  should  normally  be  ma<Je  at  regular  inter- 
vals, although  this  procedure  should  be  modified  if 
the  checker  temperatures  have  became  unbalanced.  The 
objective  is  even  heating  across  -the  bath.     This  is 
much  easier  to  attain  if  the  corresponding  checkers 
at  each  end  of  the  furnace  are  approximately  equal  in 
temperature.     TempeTat^^e  recorders  and  controllers 
installed  in  the*  ?ystW]^^atly  assist  the  meltjer  in 
b&lancing  operations.  ^ 

As  much  information  as  possible  relating  to  the  draft 
In  the  furnace  sfstems  should  be  obtained 'if  the  pres- 
sures and  drafts  are  known  at  various  points  when  the 
furnace  is  not  going  well.     For  this  purpose,  holes, 
should  be  cut  through  the  brickwork*  and  fitted  with 
easily  removable  plugs.     Readings  with  a  draft  gauge 
m,ay  then  be  taken  regularly.    Suitable  points  for  the 
test  holes'  are  in  ~jas  and  air'  uptakes  (a  foot  or  so 
above  stage  level);  in  gas  and  air  slag  pockets;  abqve 
gas  and  air  checkers  $  in  'gas  and  air "culverts  as 4near 
base  of  checked  as  practicable ;  ^in  the  stack  flue      -t  \ 
neap  the  damper  and  on  the  furnace  side  of  the  .damper; 
and  before  and  -after  the  main  gas  valve,  'for  ^  obtaining 
drop  in  pressure -acsQSS  the  valve.     If  the  difference 
between  the  pre.ssures*befiore  and  after  the  main  gas 
valve  is  higher  than  usual,  the  gas  flow  through  the, 
v'al-ve  i-s  fcTe  in  ^Impeded  and-the  valve  housing  Aeeds^in- 
spectibn  and  clearing.     If  the  'difference  between  the 
•waste  gas  drafts  taken  above  and  below: a  set  of  "checkers 
is  greater* than  usual,  the  checkers  are  becoming  choked. 

CQ2  recorders  are  of  doubtful  value  tyhen  applied  to 
the  waste  gases *e£:an'  open-hearth  furnace.  Analyses 
should  be  ma4e*to  check  correctness  of  combustion  and 
incidence      -air  leakage.     If,  about  an  hour  after  the 
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furnace  has  heen  fully  charged,  Orsat  samples  are 
taken  through  a  silica  tube  inserted  into  the  gas 
downtake,  reliable  figures  can  be  obtained.  Normal 
CO2  content  at  this  point  is  15-16%  when  operating 
on  prodruce;r  gas,  #  Care  must  be  taken  that  no  air  is 
drawn  into  the  uptake  around  the  silica  tube*  ,  — 

•  Instruments  ko  record  drafts  and  pressures  continu- 
ously are  very  useful,  especially  when/simultaneous 
readings  taken  at  two  sor  more  points  are  ^necessary 
for  accurate  comparison.     For  a  permanent* installa- 
tion, it  is  preferable  to  haye  a  limited  number,  of  ■ 
recorders,  including  one  showing  the  gas  pressure  and 
another  showing  the  ef festive j^tack  draft,    *A  multi- 
tude of  recorders  would  confuie  rathe?  th^n  inform, 
A  modern  furnace  could  have  aiKaiit*om&tic  control  sys- 
tem, which  might  render  all  these  provisions  nec^es-  - 
sary.     In  effect,  in  one  and  the* same  composite  sys- 
tem, if  would  control  the  rate  of  fuel  input  into  the 
optimum  value  and  regulate  the  aif-to-fuel  ratio, 
temperature,  and  draft  to  give  the  desired  conditions 
automatically.     When  instruments  fail,  field  survey 
methods  must  be  called  irrto  service. 
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.  EXERCISES 

 ;  «  :  

1.  List  the  major  types  of  baking  ovens  and  give  a  brief 
description  of  each. 

2.  -    There  are  three  operational  controls  that  can  affect 

the  amount  of/  energy  used  to  bake  a  particular  product/ 
Discuss  "h(5w  the  controls  cojuld  be  adjusted  to  conserve 
\        energy  without  reducing  product  quality.. 

3.  With  the  concept  of  heat  "balance  in  mind,  complete  the 
following  data^and  then  put  them  into  the  form  of  an 
epergy  diagram. 

Energy  Loss:     To-  exhaust   "   7(H 

To  band  "  .  .  5% 

To  product   10% 

4.  Discuss  the  relationship  of  excess  air  to  oven  burner 
efficiency. 

5*.  .    Discuss  the  process  accomplished  in  recuperators 

and  regenerators.     Compare  and  contrast  the  equipment 
involved.  * 

6.      Outline  thtf  auditor's  approach  tp  the  process  energy 

audit..    (Compare  and  contrast  the  process  energy  audit 
with  other  types  of  audits  ^covered  in  the  Energy  Audits 
pourse  modules.)  ,  ***** 
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TEST 


Enter  true  or  false  in  the  blank  at  the-  end  of  Stat*- 

m 

ments  1-6.  »•  > 

1.  A, burner  operating  «at  501  excess  air  uses  30%  more  fuel 
m  than  one  operating 'at  20%  excess  air.  ,  

2.  Preheating  combustion  air  for  furnaces  that  use  quick'- 
-burning  fuels  is  advantageous.   ^ 

3.  It  is  possible  to- conserve  energy  in  baking  ovens  without 
altering  Baking  temperature  or  baking  time.  ; 
Recuperation  and  regeneration  are  <two  names  for  what 

is ^essentially  the  same  process.   * 

Tomaximize  fuel"  efficiency  in  hearth  furnaces,. a  slight 
underpressure* should  be  maintained  within  the  furnace. 

0.      Negative  air  pressure  in  a  bakery  can  result  from  the 

use  of  .an,  atmospheric  burner  system,  ; 
?.      Match  items  from  Column  B  with  those  in  Column  A.  Enter 
answers' in  the 'blanks  beside-  each'  item  in  Column  A. 
•  %^here  -may  be  more- than  one  answer  for  each  question. 


S 


%  Column  A 

I 

Column  B 

Operational  control 

a  • 

Radiant 

Heat  bilarfce 

b.. 

Pressure 

I-ndirect-f  ired 

c . 

Sankey  diagram 

•Vifaste  heat  boiler  * 

d. 

Zone  temperature 

Direct  fired- 

e  • 

Recuperator  / 

Stack  loss 

£. 

Heat  exchanger 

Regenerator  /  % 

g- 

Bapzh  type 

Hearth  £urna<^e  , 

h. 

Flue  gas 

:'  JJ'aking'Jiven 

i  • 

Convecrive 

<• 

j  • 

Heat  transfer 

k. 

Steam  generation 

1. 

Reversal 
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INTRODUCTION 


This*  module  specifically  emphasizes ~,tKe-  essential  qual- 
ities of  technically  ind  economically  'feasible  solar  appli- 
cations;    Types  of  'solar  fenengy  systems  ^re  discussed,  as  t 
well  as  their  ch^ra'cteris t ic§  and  application  considerations 
The'energy  auditor  will  determine  whether  current  renewable 
resqpurce.  technology  has  potential*  for,  cost  affective  appli- 
cation in  a  particular  facility.  ^ 


PREREQUISITES 


The  student'  s.hould  have  completed  Module  EA-09,  MProcess 
Energy.  Systems  . u  '    •  ' 


OBJECTIVES 


Upon,  completion  of  this  module,  the  student  should  be 
able  tOK;  • 

1.      Describeand  contrast  types  of  solar  systems  , and  define 

basic^,  terms .  / 
'2.      Discuss  heating  through  passive  desigi/ 
3.      Discuss  active  solar  heating  systems.   m  ^ 
4»      Describe,  the 'dromes  t£c  water  heating  process. 
5.      Discuss' and  compare  aif^nd  liquid  transfer  systems.  , 
6*.     .Discuss  distribution  systems. 


»  m 
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Subject  matter 


ALTERNATIVE.  RESOURCES:     HISTORIC  AND  ECONOMIC  PERSPECTIVE 

Until  quite  recently,  low  energy  costfc  have  encouraged 
the  design  of  buildings  that  meet  their  energy  requirements^ 
almost  exclusively  with  "traditional11  .or  non-renewable  sources 
of  energy*.    The  traditional  energy  sources'  for  existing  build- 
ings are  (1)  electricity,  'generated  off-site  by  a  utility 
*  * 

company  and  distributed  to  the* building ,  and  (2)  -fossil. fuels , 
such  as  oil,  gas,'  coal,  and  methane,-  which  are  delivered 
in.  storable  quantities  (with  the  exception  of  natural  gas) 
and  burned  at  the  building  site., 

Alternative  ?or  "renewable"  energy  sources  include  the 
following :•"•.*  r 

•  Solar  energy  'for  heating,  '.coaling,  and  electric  power 
'  generation  %   %  . 

.  Total  energy  systems 

•  Wind  energy  '         .  * 

Fuel  cells  *  ^  •  .  " 

•  Geothermal  energy 
*  •  Nuclear 4 power 

•  Methane  gas;  generated  from  liquid  wastes.  %. 

•  Solid  waste  ■  . 

•  Tidal 'power  #  v  ^ 

•  Hydropower  *  . 

•  Ocean  thermal  differences*  ,  •     -  >  '  - 
•  *  •  Coal  gasification                                       ^  * 

•  Hydrogen  f ronT  the  electrolysis  of  sea  water 

•  Rising  fuel .costs  and  the  development  of  alternative  - 
resource,  technology  have  .begun  to x make  some-of  the  Alternative 
resources  economically  viable  as  options  <in  both  the  design/ 
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of  new  buildings  and  the  energy  efficiency  modification  of 

:  existing  building's.. 

This  module  covers  the  use  of  solar  energy  for  water 
heating  and  space  heating  and  cooling,  since  these  technol-°% 
ogi.es  are  most  readily  useful  for  the  efiergy  ^uditor .  This 
is  because  (1)  the  technologies  are  well-known*;  (2) ^exper- 
tise for  design  and^installation  is  available ;  v§3).  Installa- 
tion, and  operating  costs  can  be  estimated  from'3§Va liable 
dat^.;  (4)  each  system  is  compatible  with  energy^Jconseyvation  * 
measles  discussed  in  other  modules;  and  (5)  'ha^dwar^is 
commercially  available.     Tfcus  ,  the  energy  auditor  has  access 
to  equipment  and  information  which  can  demons trate^—,  frj^  terms  . 
of  predictable  cost  andr  energy  savings  -  the  ef f ibW^ness 
of  these  solar  energy  systems,  v|l        \M    ,    %  ' 

S  Solar  energy  reduces  the  need  for  significant  quantities 
of  conventional  energy  used  to, run  a  building ! s  Environmental 
control  |&t  em.  'Solar  energy  systems  reduce  a^r  toollution^  - 
and  operftpfig  costs,  save  fossil  fuels,  and  can  be  effectively 
used  together 'in  the*"sam€T  building. 

Other  alternative  energy  sources  are  not  included  an 
this  module  due  to  one  oi^'more  of,'.t^e  following  factors:  ' 
(1)  hardware  is  not  commercially  available,  nor  are  the  future 
requirements  for  hardware  sufficiently  identified;   (2)  elec- 
trie .power  from  alternative  sources  can  be  substituted  -in  - 
the  'future  for  conventionally-generated  Electric  power;  and 
no  provisions*  for  'building  modif ication*a.re  required  now; 
or  (3)  expertise  is  not  available  jto  'design  such'' sys terns  • 

s  Engineering  feasibility  studies  of  alternative  energy 
systems ^ other  than  snlar  systems  can.be  performed  only  by 
qualified  Consultants  who  can  select  equipment^ for  . analysis  , 
.estimate,  cos v&,  and  predict  the  annual  performance  ove*r  a 

-20-yea^r  period.     Because  the  initial  investment,,$in  these.- 
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systems  is  significantly  higher  than  for  conventional  systems, 
special  care  is  necessary  to  ensure  that  the  life-cycle  cost 
economics  are  •accurately  dete rmin/edr  • 


•  ,  ■  APPLICATION  OF  SOLAR- ENERGY     ■  • 

Cu/fttently,  -the  most/common  solar  uses  have  been  solar 
watej'ana  space  heating.    'Solar  'heating' systems  are  generally 
grouped  into  two  categories:     active  and  passive.     The  system 
type  employed  depends  on  the  method  used  to  collect,  store, 
and -distribute  sofar  heat  -within  the  building  i    Some^  systems 
are  designed  solely  £or  space  heating;  -others  are  designee! 
for  both  space  and  domestic  water  heating.     Frequently,  it 
is  more  cost  effective  to  integrate,  space  and  service  water' 
heating  into  one  sysfem,  because  the  collectors  aftd*  storage 
.unit  can  then  be  used  year  round  to  provide' sp'dce  heating' 
and  hot  water  in  the  winter  and  hot'  water/  in  *  the,  summer. 
*  '  •    Aqtiye  systems  rely  on  pumps  or  blowers,  to  transport 
.sblar  heat  fronTthe  collectors  to  the  storage  unit;- or  dirgct- 
ly  to  the  rooms  of  the  buil'ding.  -Passive  designs  incorporate 
collectors  *  (windows)  -  and  storage"  (walls)  into  integrated 
elements  located  in*,  or  adjacent  t<j,  the  occupied  Space. 
These  elemenVs^may  involve  speci^ally^esigned  walls  that 
absorb  heat,  or  the*  element  may  .be  part  of  the.  building  struc- 
ture.     In  buildings^  .with -passive  systems,  stored  heat  is 
Supplied -to  the  rooms -by  radiation  or  natural  convection* 

Both  active  and  passive -des ign-s  are  suitable- for  resi- 
dential or  light  commercial  buildings!    Neither  system  Can 
economically,  supply  ^11  Kfcafihg  needs  in  the  building.  '  AI^ 
though'  systems  are  uSually/separated  into  passive  or 'active 
'types,1  ""hybrid" -systems,  which  .incorporate  elements  of  both, 
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have  been  designed  to  utilize  solar  energy  to  the  greatest 

advantage,  for  heating  space  and  providing  hot  water. 

Other  applications  of  solar  energy  include  the  following: 

y Tempering  heavy- oil:     For  large  ins tallat ion§  with  #6, 
oil,  flat  plate  solar  collectors  can  be  effectively 
used  to  preheat  6^1  before  combustion.     The  oil  storage 
tanks  can  be  fitted  with  heating  coils  through  which 
the'heated  flui'd  from  the  collector  is  circulated.-  No 
additional  storage  system  is  required.. 

•  Tampering  combustion  air:    The  efficiency  of  oil  or 
-gas  combustion  increases  as  the  temperature  of  combust 

tion  air-  is- increased.     Solar  air  or  water  collectors  , 
without  any  additional  storage  facilities,  can  be,us*ed 
*-.to  temper*  air  f^r '  combustion .     In' the  same*  manner,  they 

*  are  used  to  "temper  make-up  air  for  ventilation. 

-  •  Electric  power:0    The  technology  for  using  s^Lar  energy 
for  the  direct  generation  of  electric  power  with  photo- 
voltaic cells  'is  well-known,  i.e.,  in  the  spate  program. 
In  remote  areas  of  the  world,  solar  cells  ate  used  to 
generate  smail  .quantities  of  electricity  primarily  for 
signal  purposes.     I^i  Delaware,  there  is  -a  house  equipped* 
.  'with  solar  ^cells  to  supply  electrical  energy  and  most 
of^the  annual  requirements  for  thermal'  energy .  *The 
hardware ^available  for  buildings  is  limited  and  top 
costly  to  consider  at  ^he, present  time.     The  ar^teHre— 
■  quired  for1  solar  collectors  for  heating  &fid  cooling 
will  be  ample  ("to  accommodate  -  the  future  installation  % .  - 
.      /  of  solar  cells  for  power  generation.  \  * 

Solar  energy  can  also  be  used  td  generate  high1 tempera- 
ture, hot  frater  or  steam,  which  can  power  a 'turbine  or'heat-/x 
Actuated  engine  ^or  power  1  generation .     HowevQf^  these  systems 
/are  not  commercially  available^  and  the  costs  are  not  com- 
parable wi^h  conventional  generating  methods. 

*   SOLAR  COLLECTORS  AND  EXISTING  HEAT  1sys£eMS 

*    Solar  -  collectors'  convert .  direct  and-  diffuse  radiation 
from  the  sun  .into  heat.  ,  They  are  manufactured  with  one  or 

*    **  i.  x 
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two  cover  plates,  a  metallic,  ^tisorber  plate  with  an  absorb- 
ing or  selective  surface,  back  insulation,  side  insulation,  . 
and  an,  enclosing  frame  (Rigure'l).     Information  on  features  - 
and  performance  of  collectors  is  available  from  the  manufac- 
turers.   When  "selecting  a  solar  collector  system,  it  is  nec- 
essary  to  consider  thermaL  performance,  capacity,  and  dura- 
bility. 

\ 


SLOPf*  LATTTUOE-MCP  FOR  HEATING' 
LATITUDE- t(f  FOR  COOUtyQ 
LATITUDE  FOR  HEATING/COOLING 

ONE  OR  TWO  CLEAR  COVER  PLATES} 
8'0MXV0"  WlOf 

METAL  ABSORBER  PLATE  WITH 
1/2"  TO  1"  TUBING 


INSULATION  <2f  TO  4"  THICKNESS) 

-SHEET  METAC  TROUGH  OR  PAtJ  *' 
■SUPPORT  STRUCTURE 


/ 


Figure  Is     Solar  Cbllectpr  and  Cross  Section. 

a 

Collectors  can  be  located  on  a  buildijig  roof,  on  an*  *    •  • 
adjacent  building  or  garage,  or  on  the  ground.     If  a  build-  % 
ing  is  being ^modified,  provisions  for  a, solar  collector  sys-  ' 
tern  should  be  made  at  this „ time  in  order  t<S  ease  future  in- 
stallations.    For  example,  the  intire  south  wall "can  often  . 
be  used  as  a  collector, if  it  is  ^designed  witft  that*  conception 
in  mind,  *  * 
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The  size  of  the  collector  varies  with  use,  climate,  ^ahd 
the  HVAC  system  with  which  it  operates ♦    The  collector  area 
required  for  heating  ranges  from  201  to  501  of  the  tQtal 
building  fl^oor  area  ih  order  to  provide  20%rto  )oi  of  the 
annual  heating  and/or  cooling  energy .requirements . 

Flat  plate  collectors  absorb  both  diffuse  and  direct 
radiation.  h  Depending  on  their  construction  and  meteorolog- 
ical and  climatic  conditions-,  each  square  foot  of  collector 
can  collect  from  50,000  to  150, gOO  Btus  per  heating  seasoh.  % 
Reflectors  increase  the  capacity  from  15%  to"25%  at  rela- 
tively  low  installation  c6st-&V'  The  efficiency  of  the' col-; 
lector  is  directly  proportional  to  the  collection  temperature 
Characteristics  of  the  heating  systeto;  in  .the  "building  .that 
interfaces  with  the  solat  collectpr  and  storage  units, » have 
a  major  influence  on  the  overall  economic  feasibility  of  .the 
comp]^|re  system^    The'-  optimum  tilt  for  collectors  used  solely 
for  heating  and* domes tic  hot  water*  is  "latitude  plus  15°.  Any 
variations  in  tilt  -should  be  toward"  a  steeper  angle  rather 
than  a  flatter  one.     Orientation  should  be  5?-10°  w^t  of  due 
south,  but*  not  more  than  10°  variation  either  side  of  this 
azimuth.    A ^la^ge^-variation  wi|ll  require  more  collector  area 
for  tha  same* thermal  performance.  v  <'  ^ 

.  With  water-type  collectprs,-  the  higher  the  temperatures 
required,  the  greater  the  benefits,  of  absorber  plates  with 
selective  surfaces.    .Absorptive  Surfaces  —  flat  black,  green, 
or  even  da-rk  red  —  have  an  "absorption  coef  f icient        0.9  to 
0.95,  but*  all  have  the  same  emmissivity.    A  selective  surface 
-can  have  approximately  the  same  absorption  rate  as  other  ab- 
sorptive  surfaces,  but  it  must  have  *an  emission  rate  of  only 
about  lOi  to  151  of' the  radiation  it  receives.*.   In  many  c'ases 
only  one  t  layer,  of  &lass  or  plastic  will  be  required  when  se/ 
/lective  Surfaces  are  used^—  two*  might  otherwise  be  required. 
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•       Air  heating*'$^>l£$o*ors  -  are  Jjost  suitable- .fox  s$s£%  heat-, 

Wg  applications  ^wften  cooling  is  no£vbei*ng  considered)  and  ; 

^r'  x'eiativeiy 'smalt  .'bnajtl'dings,    'Except  for  buildings  of  less 
****** 

than'  2,000  squar^  feet  in  area, ''few  air-  coilectors^a-re  com-  x 
mercially  available;  however,  tney  tan  be  specially  designed, 
for  larger  buildings.    Air'*§ollectQrs  '  are  particularly  ap- 
plicable"  for  tempering  make-up* air  or  outdoor  air  for  ven- 
tilation.  -In  many  cases,  no  storage  systems  will  be  required 
for  tempering  ventilation  air  when  the  load  exceeds  the  col- 
lector area  for  five  days  per  'fteek*    Most  applications  'using 
air  collectors  will  be'  at  lower  temperatures  than  those  of 
water-type  pollectors.    wfren  air  collectors  are  well-designed, 
selective  stirfaces  are""noT  necessary . 

The  total  cost/benefits  Qf  the  collector  and  storage 
system  -  and  the  heating  system  with  which  they •  interface 
must  be  analyzed  for 'each  of  the  major  variations  in  the 
collector  design  and  installation  to  optimize  economic  feasi- 
bility. 

In  recommending  the ' ins tallation  of \solar  ^collecfcors , 
the  auditor  should  consider  -  the  following: 

1.  Adequate,  support  must  be  provided  to  carry  -the  ^ead 
weight  (12  lb/ft 30  o£  the  collector  plus  wind  loading. 

2.  If  possible,  the  collector  should  }?e  oriented  10°  west 
4   "      of  due  south.     For  practical  purposes',  collector  per'-' 

formance  will  be  adequate  ijfoorientation  is  within  20°  4 
'      either  side  of  due  south.    Orientation  further  east  or 
west-  will  require  additiona]>collect"or  area. 

3.  -     If  the  collector  is  used  solely  to  supply-  hot  water,  a 

'   fixed  tilt  pf  latitude  plus  10°  will  usually  be  optimal  - 
-----  variations  of.  10°  up  or  down  will  not  seriously  affect 
yearly  performance. 
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4.  If  the  collector  is  shaded  more  than  10%  o£  the  time, 
.  a  larger  collectdr  will  be  necessary,  j' 

5.  For  each  16  gallons  o£  hot  water  used  per  week,  "approx- 

*   imately  one  square^  foot  of  collector  area  and  one  gallon 
of  hot  ^ater  storage  capacity  in  use  must  be  provided. 
If  'the  facility  has  kitchens  or  other  processes  that 
require  water  at  elevated  temperatures,  the  collector 
area  should  be  approximately  one  square  foot  per  20 
gallons  of  hot  watej:  used  per  year, 

6.  The  existing  domestic  Jiot  water  heating'  system,  even 
though  inefficient  jerf^ndersized,  will  usually  be  ade- 
quate to  provide_Jieat  to  supplement  the  solar  collector 


system.  / 


(NOTE:     These  a're  general  provisions  —  not  design  standards. 
Each  installation  must  be  examined  individually,) 

Figure  2  Shows  one  of  many  possible  solar  collector 
configurations.     This  system  was  .installed  on  the  roof  of 
a  federal  office  building  in  Manchester,  New  Hampshire. 

Tfye  existing  heating  and  cooling'  system  influences  the 
size  and  type  of  solar  collector  system.     Existing  radiation, 
fan  coil,°or  induction  units,  sized  to-handle  the  average 
-peak  heating  load  wi-^h  electricity,  steam,  or  water  above 
180°F,  limit  the. hours  of  useful  collection  unless  the  heat-' 
ing  system  is  modified  by  pne  of  the  fpllowing  methods: 

•  Replacement -of  some  o.r  all  of  the  existing  terminal- 
unit's  with  oversized  fan  coil  units  that  can  operate 
with  water  at  a  lower  temperature  (approximately  120°F)/ 

•  Addition  of  an-  air.  handling  unit  with  oversized  fan 
and  cqi/ls  to  supply  part,  or  ail of  -the-  areas  to  be 

*   ~  heatecK  —  ,  ' 

•  Addition  of  radiant  Keating  coil^s.  •  ,  , 

•  Addition~o£  nevT~heating  coils  to  existing,  air  handling 
units  or  forced  air  furnaces. 
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AVOID  INTERFERENCE  WITH 

mechancal  room  and  other 
root  top  eoupkcnt; 


-SPACE  COLLECTORS 
TO  PREVENT 
ONE  ROW  FROM 
SHADING  THE  NEXT 
WHEN  SUN  IS  BELOW 
[APPROXIMATELY 
1*»  ALTITUDE  ANGLE 


STRUCTURAL  FRAMING 
DESIGNED  FOR 
STATIC  LOAD 
AND  WIND  LOAD 


REFLECTIVE 
ROOF  SURFACE 


USE  FLASHING 
vTO  PREVENT.  LEAKS 

V      <  ■ 


WHERE  POSSIBLE 

LOCATE  PIPES 
BELOW  ROOF  LINE 
TO  PREVENT  HEAT  LOSS 


Figure  2.     Solar  Collector-^a^out . 


Radiant  hot  water  panels,  furnaces',  or  air  handling 
'units  are  the  forms  of  heating  that  are  most  compatible  with 
solar  energy  heating  systems,  since  they* can  either  use  die 
'same  coils  or  be  jritted  with  ne^  ones  to  accommodate  the 
lower-collector  water  temperatures. 

Solar  collectors  combined  with "existing  or  new  heat 
pumps  can  be  very  effective.     Low  temperature  fluid  delivered 
from  the  collector  in  cold  and  overcast  weather  serves  as  a 
•he'at.  source  for  a  heat  punjp . '  The  heat*  pump  boosts  the  tem- 
perature -to  a  higher  level  and  the  useful  hours 'of  solar 
energy  collection 'are  substantially  increased.  Solar-assist 
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heat  pump  installations-  should  be  considered,  especially  in 
existing  buildings  that  are  already  equipped  v^ith  heat  pumps 
or  with  -electrically-driven  chillers  that  can  be  converted 
^  to  heat  pumps.  h  .  *  '  *  • 

v  "  *  •  *  "  /""•^  *  -        •  '* 

COOLlW?  ANP  DEHUMIDIFfdATION       "        '    .'  *.  "  ■  « 

*        The  common  means  for  utilizing  solar  energy  for  cooling 
and  dehumidif ication  are  with  absorption  chillers,  or  with 

desiccant  systems  far-  dehumidif  ication.        •   — —  -  ,  

With  absorption  systems,  the  heated  ^luid  serves  as  the  t 
heat  source  in  the.  absorption  generator.     Most  existing  units 
fequire  230°  to  270°  for  generation,  and  solar  collectors  on 
the  market  cannot  provide  those  temperatures  for  any  appre- 
ciable  lengths  bf  time.     However,  'newer  low  temperature  ab- 
'sorption  units  are  now  available  in  limited  sizes,  which  can 
operate  at  generator  temperatures "  as  low  as  1 8.0° F  with  only 
a  slight  loss  of  rated' capacity . 

Flat  plate  collectors  with  selective  surf  aces  , -and  sup- 
plementary reflectors  can  operate  at  temperatures  up  to  200° 
in  some  climatic  zone-s  for  a  sufficient  number  of 1  hours  per 
cooling  season  to  ope.r^te  absorption  unijts^  at  high  capacity.* 
However,  there  are         many  areas  in  the  c^tjntjfe^here  ab- 
sorption  units  dpfer^i^^^o^^ola^  cpll'^ct^a^heat' alone  can 
supply  even  5W 3bf\the  'yearly  cooling  ^^uiJreifen^s^of*  the 
building.^       1     \   -  f 


For  cooking  alone',  the  tilt.o.f  tjp^oll&c^O^should  be 
equal  to  latitjudeu^ess  10°    "W^W?-  the  collec^W*^  used  for 
both  heati^<^d^oolr^g^  qi^  heading  -  effici^n^cy  suffers  if 


■»the  angle  is,  adjus;te<j£,  fory^o^lrt^yj^^c^et^a-iled  analysis  is 
required  to  deternisin^s  qpt i'nium^^It , ap^ljps,  ^6£)£jie  collector 
for  year-round  use.  ~        &JP$& *~         '■'  ?<r^r- 
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There  will  be  very  few  situations  wfrere  solar  cooling 
will  be  economic  until  the  collector  performances  are  im- 
proved and/or  absorption  units  are  produced* -.that  '-will  operate 
.at  *160*  to  1S00<F,  generator  temperatures.  •  Both  ^eVelopments  - 
appear  to  be  imminent.-  .  - 


REGENERATING  DESICCANTS  WITH  SOLAR  HEAT  ^  ' 

*         Regenerating  desic;cants  with  sol^r  heat  is  ^proving  tcr 
be  very*>a(Jst  effective'.    Jn-^reas  whSre- evaporative  cooling 
is  presently  'impractical  because?  of  high  relative  Tiumidity , 
evaporative  coQling  combined  wi tildes icoent  dehumidif ication 
can  provide  adequate  comfort.     Heat  from, the  solar  collector 
can  supplement  heat  from  other  sources  to  regenerate  the 
desiccant.     Since  regeneration' temperatures  are  lower  than, 
those  required  for  absorption  cooling, 'the  collector  is  more 
cost-effective  than  with  the  absorption  unit . 


ESTIMATED  COSTS 


Costs" and  collector  performance  are s continually :chang - 
ing.  "For  new  buildings,  estimates  should  be  based  on  pre- 
liminary design  concepts  .and^  layouts  .  When  retrdtf  itting  ■  an 
'existing- building,  manufacturers  and  contractors*  should  be 
contacted  onfy  after  the  energy  auditor  has  .determined  that 
a  facility  has  definite  potential  for  using,  an  active  solar 
energy  .system.  *  ,       ™"  b  — 

-      '  J       '         -  \» 
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ACTIVE  SOLAR  SYSTEMS 


.  Typically six  components  comprise  the  active  solar 
heating*  system:  ?  the  solar  collector,  the  heat  transfer 
medium,  the  hea't  .storage  unit,  the  heat  distribution  system, 
an  auxiliary  furnace,  and  control  devices  regulating  heat 
collection storage,  and  distribution.     Many  systems  also 
include  Accessories  for  preheating  domestic  water. 


THE  HEATING  PROCESS 


Collectors  may  be -fitted  to  the  roof  of  the  building, 
mounted  on  a  stand,  placed  on  the  ground,  or  attached  to  the 
wall  of  the  building.     Placement  of  collectors 'depends  pri- 
marily on  convenience,  economics,  aesthetics,  and  access  to 
the  sun.     Heat  is  'transferred  from  the  collector  fo  storage 
eithen  by  air  or  by  a  liquid* such  as  water  or  antifreeze 
solution.  *  f 

.    If  heat  is  transferred  from  the  .collector  by  air,  the 

can  be  stored  by  heating  rocks  in  a  bin.  If  the  heat 
is  transferred  by  liquid,  heat  will  be-  stored  a^e  ho.f  wate^ 
in  a*i  insulate.d  From  storage,  heat  will  be  moved 

through  oonVentional  systems  —  such  as  hot  wat$r*pipes  of 
forced,  ^i-r  diic:t5  —  to  various  points  in  the  "building.  To 
regulate  tfre  f low,  of  heat,  automatic  controls  a*re  provided 
to  direct :  the,  j?o$itiofi  of -valves  or  dampers/at  the  command 
of  tempe.tat.ure  se,n,s*0£S^  in\tk.e  /system  or  the  room  thermostat. 
Figure  '3  is  a  diagram  of  £  combination  domestic  water  and  ^ 
space  heating  system  using,  air  collectors. 
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*  AIR  HANDLER  - 


aux>uar<FrjrnaMce 


AIR-TC£WATER 
HEAT  EXCHANGER 


scocp 


WATER  ^ 


AUXILIARY  . 
HOT  WATER  HEATER 


DOMESTIC  WATER 
PREHEATCR 


PB38LE  BED 
.  STORAGE 

>    «  '  ■ 

Figtire  3/    Combination  Domes tic-A Water  and  Space 
.  Heating  System  Using  Air  C£ja$c£ers . 

The  economical  -size  of  most  solap.  heating,  systems  is 
limited  tt>  provide' heat  for  overnight,,  use  during  a  typical 
winter  pe^tod  with  sunny  days,  <  On  cloudy  days  there  may 
not  4be  enough  solar  heat  collected  to  ^atisfy  the  heating 
requirements.     Therefore,  a  conventional  heating  unit  is 
required  to  ensure  reliable  heating  r^ardless  of  weather. 


Hardware  •  ' 

The  hardware  fax  iolar  space  heating  and  cooling;  as; 
4nentione4  .previously,  includes  solar  collectors,  piling,  - 
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controls,  and  storage  systems,  which,  in  general,  are  similar 
in  type  to  those  us£d  for  heating, domestic  hot  water.  There 
are,  -however,  the  following  notable  differences: 

•  The  reqviired  collector  area  and  storage  volumes  mus,t 
be  larger  and  are  more  costly, 

•  Collectors  must  produce  hotter  water  temperatures  for 
space  heating.     Temperatures  up  to  180°  are  desirable, 
but  lower  temperatures  can  be  used,. 

•  The  orientation, of  the  collector  is  somewhat  more 
"critical,  ~  v 

•  Absorber  plates  with  selective  surfaces  rather  than 
flat  black  coating  will  be  more  economically  feasible 
for  heating  and  cooling  applications  than  for  solar 
water  heating  alone,  , 

•  The  interface  with  the  existing  heating  and/or  cooling 
system  is  critical,     •  % 

•  Storage  systems  must  have  a  greater  heat  storage  capac- 
ity per  square  foot  of  collector,  < 

•  Rocks  or  phase-changing  salts  can  be  used  for  thermal 
storage  instead  of  water  in  some  cases, 

4  -'Collectors  can  be  air-  instead,  of  liquid  heating  'types 
in  selected  appl-ications , 

A  full-sized  back-up  heating  system  is  required  to~ 
supplement  the  solar  system. 

The  cost  of  a  solar  system  that  provides  100%  of  the  heating 
and/or  coolJLng.  is  prohibitive  in  most  areas  of  the  country  — 
even  more  so  for  existing  buildings  than  for  new  ones,  Hqw- 
ever,  in  the  existing  heating  system,  burner'/boiler  or  elec- 
, trie  ,heatr  can  be  left  intact  (or  modified  as  necessary)^ to 
supplement  solar  collectors, 

-  •  1 

/ '  * 
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Storage  1 

»  4 

'  The  most  practical  storage  system  is  hot  water  in  metal 
or  concrete  tanks.     Prom  two  t/five  gallons  of  storage  are 
required  per  squafe  foot,.of  collector'.     The  exact  amount.  . 
depends  upon  climatic  conditions,  the  number  of  consecutive 
cloudy  days,  the  .type  heatii/g  system,  and  the  cost/benefits 
ratio  of  storage  tank_costs/'and  collector  performance  versus 
the  operating  costs  of  the  supplementary  heating  system. 
(Cooling  with  solar  energy  may  affect  the  storage  tank  size.). 

Since  a  supplementary  heating  system  is  required  in 
virtually  all  cases,  the  costs  of  extraa  storage  volume  and 
space  required  can.be  offset  on  a  life-cycle  cost  basis  by 
operating  the  supplementary  back-up  system  somewhat  longer 
and  reducing  the  volume  of  storage.     Where  the  entry  into  a 
building  is  too  small  to  deliver  a  tank,  thevtank  can  be 
fabricated  by  welding  plates  in  the  building,  or  it  can  be 
constructed. -oi-cxmcrete.    With. hot  air  systems,  rocks  (ap-^ 
proximately  100  lbs  per  square  foot  of  collector)  can  be  used 
for  heat  storage,  in  place  -of  water.    .Latent  heat  storage 
using  phase-xhanging  salts  (salt  hydrates,  eutectic  salts, 
•and  waxes  and  paraffins)  requires  le'ss  volume  than  water  for 
equal  thermal  storage.     The  potential  for  the  development  of 
these  storage  types  is  very  good,  but  at  present  they  are 
not  commercially  available . 

»  « 

The  tank  and  'ducts,  or  piping  from  collector  to  the 
tan-kj  should  be'  insulated  to  limit  thermal  losses,  at  any 
storage  or  collection  temperature,  to  51  of  system  capacity 
per  24  hours.     Sometimes  the  collector  cannot  deliver  water 
at  higher  tank  temperatures  for  periods,  of  time.  Therefore, 
a  minimum  of  two  storage  tanks  should  be  considered  to  permit 
storage  Of  water  at  various  temperature*levels ,  so  that  the 

> 

»  >  *  * 
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water  temperature  is  not  degraded  by  water  %at  lower  temper- 
atures.    Wittf  one  tank  only,  collection  is  limited.  Economic 
feasibility  is  also  reduced  since  the  collectors  cannot  be 
used  t'o  their  maximum  , potential . 


Controls 

The  control  system  must  operate  the  circulating  pump(s) , 
divert  wa'rm  wliter  frot^  one  storage  tank  to  another  or  direct 
tp  the  load,  and  operate,  fans  (in  air  system)  to  blow  air 
through  the  cc)llectors  or  storage  in  response  to,  climatic* 
conditions  and  building  load.     There  are  many  variations  in 
'controls  that  are  beyond  the  scope  of  this  module.  Controls 
are  not  a  major  cos^of  installation  unless  elaborate  moni- 
toring, data  collection,  and  research  are  undertaken. 


-Antifreeze  Protection 

•  In  areas  where  the  otitdoor  temperature  drops  below  32°F, 
antifreeze  protection  is  required  for  liquid  flow  collectors. 
The  following  systems  may  be  used: 

•  A  secondary  circuit  with  an  antifreeze  solution  (glycol^ 
.    triethylene- glycol propylene  glycol,  or  light  oil  with 

a  heat  exchanger  and  a  separate*  pump)  . 

•  Draining  the • collector  when  outdoor  temperature  drops  * 
below  freezing  and  refilling  when  temperature  rises 
above  freezing. 

•  A  closed  circuit  drainage  system  with  nitrogen  as  a- 
'      purging  agent .  ^ 
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'•  Bleeding  a  small  amount  o£  heated  storage  water  through 
the  collector  in  locations  where  temperatures  drop  be- 
low 32°F  for  only  brief  periods  of  time,  and  the  days 
are  w^rm  and  clear. 

Each  system  has • advantages  and  disadvantages.     If  the 
storage  tfater  bleed  system  shows  only  a  small  loss  of  thermal 
energy  compared  to  useful  heat  collected  on  a  seasonal  basis 
"(less  than  5%  Foss)  ,  it  is  the  leas*t  costly  and  least  trouble- 
some system. 

The  nitrogen  system  ds  still  under  development,  and  more 
data^is  required*bej:ore  it  can  be  recommended  without  quali- 
fication.^ 

Draining  and  refilling  involve  the  problem  of  incomplete 
draining  under  some  conditions  and  difficulties  with  venting 
when  the  system  is  refilled.     Vents  are  also  subject  to  freez- 
ing, which  causes  them  to  be  inoperative. 

The  use  of  antifreeze  with  a  secondary  circuit  intro-  *' 
duces  higher, costs  for  the  heat  exchanger  and  secondary  cir- 
cuit, and  corrosion  is  accelerated^  when.,  ant  if  reeze  solutions 
J  9 

re^ch  high  temperatures  in  the  summer.     However,  most  current 

tallations  use  antifreeze  with  a  secondary  circuit  and  . 
heat  exchanger  in  cold  climates. 


AIR  AND  LIQUID  SYSTEMS   '  ~ 

Air  and  liquid  systems  have  roughly  comparable  effi- 
ciencies in  terms  of  the  annual  heat  delivered  per  unit  of 
collector  area.     When  comparing  the  relative  merits  of  d'kch 
system  type,  it  is  wise  to  weigh  all  possible  advantages  and 
disadvantages  in  the  context  of  climate,  architecture,  build- 
ing  site,  expected  maintenance  costs,  and  the  fraction  of 
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the  building  heating  needs  to  be  supplied  by  solar  energy. 
Table  1  lists  some  advantages  of  liquid  and  air  systems. 


J 


TABLE  1.     ADVANTAGES  ,0F  LIQUID  AND  AIR  SYSTEMS. 


Liquid  Systems 

-51 

•  Water  and  antifreeze  are  low-cost 
fluids  with  higher  heat  capacity 
than  air. 

•  Storage  volumes  are  relatively 
smaller  than  rock  bins  because 
water  is  an  excel lent\hent  storage 
mater in  1  . 


Transport  of  heat  over  long  distances 
in  commercial  buildings  is  less 
costly  with  warcr  than  with  air. 

There  is  a  large  number  of  liquid- 
typc  collectors  from  which  to  choose. 

Performance  data  on  liquid  systems 
are  available. 


Air  Systems 

,  < 

•  The  collector  fluid  (air)  will  not 
freeze,  boil,  or  cause  damage  by 
leak  ing . 

•  Absorber  plates^  ducting,  and  other 
connections  in  air  systems  are  much 
less  susceptible  to  corrosion  than 
their  counterparts  in  liquid  systems. 

•  Pebbles  in  storage  JIo  not  need  to 
be  replaced  or  specially  treated. 

•  Solar-heated  air  can  be  circulated  ** 
directly  from  the  collectors  to  the 
rooms  without  the  use  of  heat  ex- 
changers . 

•  Maintenance  requirements  arc  minimal 
compared  to  liquid  systems. 


DOMESTIC  HOT  WATER  GENERATION 


-   Solar  water  heaters  have  been  used  throughout  the  world 
for  more  than  30  years,  especially  in  Israel,  Australia, 
Japan,  and  Florida.    Although  many  solar  waiter  heaters  are 
still  in  operation,  numerous  {others* were  abandoned  when  re- 
pairs were  required,  because  'gas,  oil,*  or  electric  heaters 
\tare  more  economical  and  energy /was  iniexpensive .    The  high 
costs  of  fossil  'fuels  and  electricity  have  agaip  awakened 
an  interest  in  solar  water  headers  and  other  solar  energy 
•  systems. 
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Solar  wa'ter  heaters  may  be  economically  feasible  in 


office  buildings  and  stores  with  25  or  more  full-time  em- 


than  35  hours  per  week.     When  solar  .energy  is  economically  A 
feasible  for  space  heating,  heating  domestic  hot  water  with- 
the  same  system  will  be  economical,  as  well. 

Solar  water  heaters  are  commercially  available  in  the 
United  States.     The  components  are  offered  separately,  or 
together  in  a  complete  package.*    They  include  a  flat  plate 
collector,  storage  tank  (existing  storage  tanks  can  be  used), 
piping,  controls \  circulating' pump ,  and,  in  climates  where 
the  collector  is  subjected" to  freezing  weather,  a  heat  ex- 
changer with  a  secondary  pump,  piping-titrcuit ,  and  &ntifree£e 
Figure  4  shows  a  typical  arrangement  of  the  solar  water  heat- 
,ing  system.     System  components  and  design  considerations  are 
discussed  in  detail  later  in  this  module. 

For  normal, hot  water  use,  approximately  one  square  foot 
of  collector  per  gallon  of  hot  water  used  p^r  4ay  is  adequate 
If  kitchens  or  other  processes  require  hot  water. at  elevated 
temperatures,  an  additional  25%  to  50%  of  collector  area  is 
required.  ^  ^ 

The  solar  collector  can  be  mounted  .on  the  main  roof,  on 
the  roof  of  a  building  extension,  or  on  the  building  site. 

Generally,  it  is  not  feasible  to  provide  1*00%  of  the 
domestic  hot  water  requirements  with  a  solar  system  unless 
(1)  the  collector  is  also  used  for  other  services;   (2).  hot 
water  temperature  requirements  do  hot  exceed  90°F;   (3)  an 
existing  storage  tank  is  oversized  for  the  building  require- 
ments; or  (4)  the  building  is  located  in  af  temperate  or  hot 
Climatic  zone. 


ployees.     In  religious  buildings,  the  demand  for  hot  water 
is  insufficient  to  warrant  purchasings  solar  water  heater, 
unless  activities  include  extensive  bi-weekly  food  prepara- 
tion or  school  or  office  'facilities  in  operation  for  more 


EA-10/Page  21 


389 


■viJ 


EXPANSION  TANKS 


DIFFERENTIAL 
CONTROLLER 
FOR  PUMP 


HEAT  EXCHANGER 
REQUIRED  WHERE 
FREEZING  TEMPERATURES  OCCUR 


L-pUUP  MA 


aw.  in 

PUMP  MAY  BE  REQUIRED 
IN  THIS  CmCUtT  W  . 
GRAVITY  CIRCULATION 
IS  NOT  POSSBLE 


KW.  OUT 

r  c  r 


Storage  type 

WATER  HEATER  OR  v  % 
INSTANTANEOUS  HEATER 


Figure  4.     SoIot  -Water  Heating  System. 


SPACE  HEATING  AND  CODLING 


Prior  to  1972/  there  were  only  about  20  solar-heated 
buildings  in  the  {jnited  States,     Of  thos^e  2CT  buildings ,  only 
one  was  a  commercial  building;  the  rest-Jfrere  single  family 
residences*    Within  the  past  eight  years,  there  has  been  a 
proliferation  of  solar  ^nergy 1  activity  in  thk  Un-ited  States, 
resulting  in  hundreds  of  buildings  now  in  design  and/or  unde 
construction/   While  the  majority  of  these  are  neyr  buildings 
the  .same  design  %and  construction  techniques  are  frequently, 
applicable  to  retrofitting  existing  'buildings .  ' 

The  National  Science  Foundation  sponsored  a  program  to 
retrofit  four  existing  school  buildings  for  solar  heatiag. 
T^ese  installations  are  now  providing  valuable  data  on  the 
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■performance  o£  solar  heating  systems  under  varying  climatic 
conditions.    Also,  under  a  National  Science  Foundation  grant, 
solar  collectors  ffave  been  installed  for  heating  and  cooling 
an  existing  school  building  in  Atlanta,  Georgia. 

Numerous  other  installations  havfc  already  provided  de- 
signers with  guidelines,  opportunities  and  pitfalls  to  be 
avoided.'  'This  literature  should  be  studied  before  a  feasi- 
bility  study  of  solar  energy  for  heating  and  cooling  is  con- 
ducted.       •  '  . 


\  PASSIVE  SOLAR  ENERGY  SYSTEMS 

In  contrast  to  the  active  solar  heating  and  cooling 
'systems,  passive  solar-  systems  collect  and  transport  heat 
without  mechanical  assistance-.    Although  passive  systems  are 
jiot  as  widely  applicable* as  active  systems  (being  limited 
to  residential  and  small  commercial  facilities,  for  the  most 
part)',  the  energy  auditor  should  be  aware  of  the*  passive 
soiar  processes,  the* applicability  of  passive  design,  and 
the  potential'  for  integrating  passive  systems  with  active 
'and/or  conventional  systems. 


REQUIREMENTS  AND  CHARACTERISTICS 

There  are  two,  basic  requirements  'for  passive  solar  de- 
sign: '  (I)  a  south-facing  wall  for  solar  collection  and  (2) 
some  form  of  thermal  storage  ma3s  to  absorb,  store,  and  dis- 
tribute'the  collected  heat.     The  basic  principle  *of  passiy^ 
systems  is  that  energy  flows  from  area,s  of  higher  concentra- 
tion to  areas  of  lower  coiurentration.     When  the  sun  is  shin- 
ing, the  'storage  mass  has  a  lower  energy  concentration  and, 
~* 

i  - 
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thus,  absorbs  energy.  •  When  th6  sun  is  not'  shining,  the  liv- 
ing space  has  a  lower  energy  concentration,  and' the  storage 
^     mass  releases  energy. 

Passive  systems  are  characterized  by  their  simplicity 
of  design,  yrhich  means  also  that  they  are  easy  to  operate 
and  maintain.     Since  fhe  technology  of  passive  systems  is 
not  complex,  they  can  be  installed,  operated,  and  maintained 
by  personnel  with  limited  techaical  background.     Passive  - 
systems  (1)  a-re  made  of  common  construction  materials,*  (2) 
usually  last  as  long  as  the  facility'  of  which  they  are  a 
part;   (3)  have  few  moving  parts,  (4}  operate  at  low  tempera- 
tures, -(5)  have  no  mechanical  equipment  (and  thus  no  noise 
from  mechanical  equipment) ,  and  (6)  are  usually  invisible 
from  the  interiorf^^the  building. 

In. addition  to  these .advantages ,  passive  solar  systems 
typically         very  little  to  .initial  construction  costs, 
especially  if  masonry  has  already  been  selected  as  the  con- 
r     struction  material.  .  Hence,  in  view  of  the  large  savings  of 
heating  energy,  passive  systems  are  economically  justified 
in  new  buildings  of  the  appropriate  type.     Determining  the 
feasibility  o f *retrof itt ing  buildings  with  passive  systems, 
however,  is  more^omplicated.      *  w 

The  single  persistent  problem  with  passive  solar  sys-" 
terns  is  that,  since  they  are  aot  mechanical,  there  is  no  way 
to  control  temperature  variations  within  the  narrow  ranges 
that  can  be  accomplished  with .either  conventional  systems  or 
active  systems.    'However,  proper  sizing  and  location  of  the 
thermal  storage  rnass^,  windows,  shading  devices,  and  backup 
heating  systems  can  compensate  fo^th^Ls  lack  of,  control  and 
make  the  passive  system  a  viable  alternative  to  mechanical  . 
systems.  . 

'        'The  remainder  of  this  module  will  be  devoted  to  dis- 
*    cussing  the  three  major  types  ^f  passive  solar  systems-  — 
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direct  gain,  indirect  gain,  and  isolated  gain  -  and  what 
tHe  energy  auditor  should  consider  before  recommending  them, 


DIRECT  GAIN  SYSTEMS 

In  a  direct  gain  system,  the  living  space  is  heated 
directly  by  sunlight.   'To  take - advantage  of  direct  solar 
gain,  a  building  should  have  south-facing  glass,  which  gets 
the  maximum  exposure  to  the  sun  in  winter  and  the 'minimum 
exposure  in  summer.     The  floor  and  ^wall's  of  the  living  space 
are  constructed  of  material  that  is  capable  of  storing  heat. 

Heat  storage  materials  may  be  either  masonry  (concrete, 
concrete  block,  brick,  stone,  adobe)  or  water  (in  the  form 
of  a  water  wall).     If  masonry"  is  the  thermal  storage  mate- 
rial, from  1/2  to  2/3  of  the  interior  surface  should  be  ex- 
posed masonry.     The  water  wall  system  -  essentially  a  large 
metal  or  plastic  container  -  requires  that  only^ane  wall  be 
cohered  with  the  thermal  storage  material.     This  wall  must 
receive  a  maximum  amount  of  directf  sunlight  in  .winter.  Fig- 
ures 5  and  6  compare  the  configuration  of  masonry  and  water 
thermal  storage  ^systems  in  a  direct  gain  arrangement. 


„  MASONRY}-*- 


DAY 


NIGHT 


<  ARROWS  INDICATE  HEAT  FLOW  ) 


Figure  5.     Masonry ^pffermal  Storage  Walls  (Direct  Gain) 
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Figure  "6 


Water  Thermal  Storage  Walls  (Direct  Gain) : 


Before  recommending  a  direct, gain  system,  the  energy  - 
auditor  should  consider  the  following: 

•  Building  configuration:    The  optimal  building  arrange- 
ment is  an  east*  to  west  linear  extension,  with  the 
spaces  that  need  heat  aligned  along  the  south  wall. 

i 

•  Collector  glazing:  Collector  glazing  should.be  oriented 
toward  the  south  and  designed  to  eliminate  as  much  glare 
as  possible^*  .  .  -  * 

•  Construction  and  thermal  storage  materials  :  Masonry 

thin  as  four  inches  can-  provide  sufficient  thermal 
storage  capacity."   In  passive  systems  using  water  walls' 
for  thermal  storage,  the  construction  of  all  but  *the 
water  wall  can  be  of  lightweight  materials,  such  as 
wood.  ■  t 

•  Thermal  control :    Depending  upon  "the  size  and  placement 
of  windows  and  .thermal^  mass  and  th,e  color  of  the  interior 
surfaces,  temperatures  can  fluctuate  from  10°F  to  30°F. 
The  temperature  fluctuation  can* be' controlled  effectively 

v through  the  use  of  shading  devices,  vesting  through 
open"  windows ,  and  auxiliary^ exhaust  fans.    An  added 
measure-of  control  is  obtained,  of 'course,  when'a  hybrid 
system  >ffr^eoupling  a  passive  direct  gayin  system  with 
a  conventional  forced  air  heating  system  —  is  employed.  , 

•  Thermal  efficiency^:     in  winter,  direct  gain  systems 
are  30%  to  70%  efficient;  that  is,. most  of  the  sunlight 
transmittedj  through'  the  jglazing  is  used  for  heating. 
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•  Potential  for  retrofitting:     Since  direct  gain  systems 
depend  upon  the  building's  design  and  material,  it  is  \ 
f     -  difficult  to  fit  thera^to -  existing  buildings  unless  the 
-    existing  buildings  have  exposed  masonry  watts1 and  floors 
.  and  a  clear  southern  exposure. 

Direct  gain  passive  splar  systems  depend  upon  decisions^ 
which  are  made  during  the  design  stages  of  building.  Since 
they  are  made  of  the  same  materials  used  in  conventional 
masonry  construction,  direct  gain  systems  can  frequently,  be  > 
incorporated  into  buildings  at  little  or  no  additional  cost. 


INDIRECT  GAIN  SYSTEMS  *  m  % 

Although  the  same  basic  principle  of  heat  flow  und^- 
lies  both  the  direct  and  indirect  gain  systems,  the  thermal 
mass  in  thW  indirect  system  is  located  between  the  sun  and 
the* space  'to  be  heated.  Again,  the  thermal  storage  masses 
are  typically  masonry  or  water,  although  they  a^e  found  in 
different  conf igurat ions  •  in  indirect  gain  systems. 

The  masonry  thermal  storage  wall  faces  south,  is  usually  '  * 
painted  black  or  some  dark  colour,  and  is  covered  with.-glazing 
(usually  double).     Light  passing  through  the  glazing  is  ab- 
sorbed #as  heat  radiation  by  th4e  outside  face  of  the  wall,  f.  \ 
and  heat  is  then  conducted  through  the  wall  to  the  space.'to 
•  be  heated.  ' 

A's -shown  in  Figure  7,  vents  placed  at_  the  top  and  bottom 
of  the  thermal  storage  wall  can  take  advantage  of  natural  <jv 
convection,  or  thermocir culation .    As  the  air  between  the  Q 
wall  and  the  glazing  heats  up,  it  rises,  entering  the  living 
space  through  the  upper' vents  and  drawing  cool  air  through 
the  lower  vents.    Dampers  over  the  vents  can  be  clos.ed  when 
\thermocirculation  is  not  desirable. 

~>  - 
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DAY 


•-DOUBLE  GLAZING 

^MASONRY  WALL  . 

(  ARROWS  INDICATE  HEAT  FLOW  ) 


NIGHT 


Figure  7.    Masonry  Thermal  Storage. Wall ' (Indirect  Gvain) 


In  an  indirect  gain  system,  the  wkter  i^all  functions 
in  much  the  same  waV as  the  masonry  wall,  except  that  heat 
v is  transferred  to* the  iiving  space  by  convection  currents 
.  in  the  water  riather  th^n^b^  conduction.     As  energy  is  ab- 
sorbed by  "the  ttlack  exterior  face  of  the  water  wall,  the 
temperature  of  ttfiS^ater  rises,  inducing  convection  currents 
inside.     Th^se  currents  kee£  the  surface  relatively  cool  and 
distribute  the  heat  evenly  throughout  the  entire  water  (ther- 
mal  -storage)  volume.     Figures  7  and  8  compare  the  masonry 
-and  wate'r  thermal  storage  walls. 


DAY 
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L-DOU^LE  GLAZING 

(ARROWS  INDICATE  HEAT  FLOW  ) 

Figure  8.    Water  Storage  Wall. 
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Before  recommending  a  thermal  storage  wall  system,  the 
energy  auditor  should  consider  the  following:  * 

•  BuiLdjng  configuration:.    The  depth  ot  the  space  to  be 

'      iieated  is  limited,  by  the  maximum  distance  for  radiant 
-h^ati^g,  to  15r20  feet.     Thus,   the  optimum  arrangement 
of  Spaces  to  be  heated  is  a  lin$ar«one,  extending' east 
ta  weS£,  with  an  extensive  southern  exposure. 

•  Collector  glazing:  :  Since  t,he^  thermal  Storage -wall  is 
located  between  the  sun  and  the  space- to^be  heated; 
the  collector  glass  does  not  admit  any  light  into  the 

>     .  living,  space  (unlike  the  glass  in  direct  gain  systems) .  1 
However .  -  windows  can  beo-ncorporat  ed  in  the  thermal 
storage  w^ll,  which  will  both  admit  Some  light  and  pro- 
vide for  some  direct. heat  gain*  J< 

•  Construction  and  thermal  storage  material:     Since  all 
of  the  thermal  storage,  aass  is  in  the  masonry  or  water 
of  the  wall,  thete  are  nd  restrictions  on  the  materials 
or  finishes  used  on  the  remaining  interior  surfaces.  • 

•  Th'ermal  control :     Temperature-fluctuations  Can  be  con- 
trojled'to  a  great  extent  by  careful  calculation  of 
wall  thickness.     Heat  output  can  be  regulated  by  thermo- 

*        circulation, vents  with  dampers  or  .insulation  panels 

or  drapes,  which  can  be  easily ' positioned  and  removed 
from  the  wall's  interior  surface,  * 

<  .  Thermal  efficiency:  /Thermal  wall  systems  h^ve  an  effi- 
.    ciency  of  30%  to* 401*  which  is  comparable  to  that  of 
many  active  solar* heating  systems.    Water  proves  to 
be  a  slightly  more  efficient  stotage  medium  than  masonry 
when'systems  of  equal  wall. area  and  storage  capacity 
are  compared.  ^ 

.  Potential  for  retrofitting:     It  is  relatively  easy  to 
,  add  a  thermal  storage  wall  to. the  southern  side  of  a 

structure  that  has  a  clear  southern  exposure, 

»         *>  *  • 

Thermal 'storage  wall  .systems  allow  for  a  wid^  variety 
of  construction  materials  and  interior  finishes  anl^  provide 
a-  high  degree  of  control  over'  indoor  temperatures. 
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ATTACHED  GREENHOUSE 


,  The  attached  greenhouse  is\  actually* a  combination  o£ 
direct  and  indirect  gain  passive  -systems ,  The  greenhouse 
or  synroom  is  located  on  the  south  side  of  the  building,  and^ 
separated  from  the  living  space  by  a  thermal  storage  mass  - 
usually  a  masonry  or  water  wall.    Thus,  the  greenhouse  is 
.heated  by  direct  gain  and  the  living,  space  is  heated  by  in- 
direct gain.  .  Figure  9  shows  a  typical  attached  greenhouse 
^arrangement ,  and  also  shows  how  vents  can  be  located  in  the 
m^-maT  storage  wall  to  permit  thermocirculat ion  similar  to 
.that  achieved  in  tfcue  indirect  gain,  masonry  wall  system*.  < 


SUMMER  COOLING 
VENT- 


VDOU8LE  GLAZING  OR 
\TWO   LAYERS  OF 
\GREENHOUSE 
PLASTIC 


%&g*ei&ttnP*  GREENHOUSE   AT  NIGHT  z 


Figure  9.    Attached  Greenhouse . 
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Before  .recommending  an  attached  gjeenhouse  or  sunspace", 

the  energy1 auditor  should  consider  the  following; 

.  Building  configuration:    The' building:  should  extend 
east  to  west  and  allow  the  cons true tibn , of  the  green-'  - 
house  on  the  Southern  exposure,  adjacent  to  the  spaces 
to  be  heated.         *  '  m  . 

.  Collector  glazing,:    To  "achieve  the  same  t  amount  of  heat 
gain,  the  glass  area  of  the  greehhous-e  must  be  approxi- 
mately 1.5  times  as  large  as  th6  surface  area  of  a, 
•thermal  storage  wall.     This  area  can  be  reduced  if  an 
active  heat  storage  system  is  .incorporated  into  the 
greenhouse  system.  '  \ 

.  Construe tjonrand  thermal  storage  material:    No 'restraints 
'   are  'placed  "on  the  materials  used  for  any  parts  of'  the 
building,  except  the  greenhouse  and  '4the^ thermal  storage 
wall.     The  greenhouse  should  be  constructed-  of  double 
glass  or  transparent  plastic.     The  thermal  storage  wail 
should  be  designed^according  to  the  same  criteria  as' 
those  used  to  design*  the -thermal  storage  wall  systems 
discussed  previously.    *  — 

.  Thermal  control:     Methods  for  controlling  interior  tem- 
peratures  .are  the  same  as  those  discussed  on  thermal 
storage  walls.     The  range  of  *  temperatures  "T^r-controLled 
by  properly  sl^iag,  and  positioning  the  collector .area 
.  a«d' thermal  mass.*  t  * 

.  Thermal  efficiency :     The  gre.enhouse  both  heats  itself 
and  supplies -heat  to  the-  living  space.     Since  all  ad- 
mitted sunlight  is  usedfor  heating,  thfe  winter  effi- 
ciency of  the  greenhouse  is  on  the  order  of  60%  Xo  70%. 
Approximately  10%  to  .30%  of  the  energy  ^incident  on  the 
* 'collector  siirface-s  is  actually  .transferred  to  the  living 
^pace .  »  *  .  c 

.  Potential  for  retrofitting:    Greenhouses  and  sunspaces 
are  easily  added  to  the  southern  walls  of  existing  * 
buildings  w^tlj^^ear.  southern  exposures. 

In  addition  to  provi3lSrg-J^a^t ,  Jjfre  greenhouse  can' also 
produce  food.-   In  some*  cases  where  the  utility  and  food  bill 
savings  have  both  beerr  taken  into  account  ,  greenhouses^ have 
produced  payback  periods  as  short  as  1  to  3  years.  ^ 
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JIOOF  PONDS 


The  principle  of  heat  'flow  in  the  .roof  pond  system  is- 
the  same  as  jthat  in  the  indirect  gain  system,  which  uses  a 
yat^er  thermal  storage  wall.     In  the  roof  pond  system,  how- 
ever, the  water  for'  thermal  storage  is"  located  in  thin  plas- 
tic bags  supported  on  the  roof  by  metal  decks.     These  decks 
also  serve  as  the  ceiling  for  the  room  below  and  as  exten-  ' 
sive,  efficient  radiating  surfaces. 

In  operation*,  the  ponds  are  exposed  t&  the  sun  during 
winter  days  to  absorb  heat,  and  then  covered  with  Insulating 
panets  at  night  to  preserve  as "much  of  the  heat  as  possible 
(see  Figu're  10).     The  heat  is  then  radiated  directly  to' the 
"room  beneath  the  roof  pond.     In  summer,  in  ..some  climates, 
the  procedure  can  be^reversed  —  the  ponds  being  covered  dur- 
ing the  daytime^to  prevent  heat  gain,  and  uncovered  at  night 
to^  dissipate  by^'natural  ^convection  and  radiation  on  cool 
summer  nights . ■ 

Before  recommending  a  roof  pond  system,  the  energy  « 

auditor  should  consider  the  following: 

Building  configuration:     Since  the  .heat  from  a  roof 
pond  is  radiated  directly  to  .the  room  below,  tKe  appli- 
cability.of  roof  pond  systems  is  limited  to  single- 
story  structures  or  to  the  upper  floors  of  muiti-story 
structures.     Becauge  the  radiation  is  absorbed  in  a 
horizontal  plane  rather  than  a  vertical  one,  there  are 
no  restrictions  on  building  shape  or  orientation. 

•  Collector  glazing:     Ponds-  should  be  unobstructed  by  " 
'shadow  from  10.  a.'m.  to  Z  p.m.   in  winter  and  have  maxi- 
mum, night  exposure  in  summer.  * 

"i  * 

•  Construction  and  thermal  storage  material:     Since  ponds 
are- typically  6-12  inches  deep,  the  roof  must  support 

a  dead  weight  of  30-65  lb/sq  £t.     This  support  is  typ-  ' 
ically  supplied  -by  a  metal  deck,  which  acts  as  pond 
support,  cfciling,  and  radiating,  surface.    No  restric- 
tions are  placed  on  construction  materials  for  the  rest 

of  th'e  structure.  r  ■  % 

/  ' 

j 
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Figure  '10.     Roof  Pond, 
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•  Thermal"  control:,  -*The  large  radiative  .surfaces  of  roof 
pond  systems  provide  high  comfort  levels  and  stable  ) 
temperatures.    .In.  masonry  buildings*,  temperature"  fluc- 
tuations are  typically  wrthin  the  range  af  5°F  to  8°F; 
in  buildings-- constructed  of  lightweight  materials,  tem- 
perature fluctuations  are  on  the  order 'of  9°F  to  14°F. 

•  Thermal  efficiency:  *  In  a  double-glazed  roof  pond  sys- 
tem1, thermal  efficiency  is  in  the  'range  of  30%  to  45%.  4< 

•  Potential  for  retrofitting:     It  is  extremely  difficult 
to.  install  a*  roof  'pond  system  if  provision  for  it  is 

,   "not  made  in  the  initial  construction. 

'  .  v 

Roof  ponds  are- an  inexpensive,  effective  passive  heat- 
ing system  in  latitudes  fcelow  36°NL.     In  dry  climates  where 
there  are  clear  night  skies,  roof  ponds  can  also  be  effective 
passive  cooling  systems.     With  proper  architectural  design, 
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the  usefulness  of  roof  ponds  in  both  heating  and  cooling  can 
be  extended  into  other  locations. 

ISOLATED  GAIN  SYSTEMS  . 

• 

In  isolated  gain  systems,  the  heat  collection  and  stor- 
age systems  are  isolated  from  the  living  area.     This  arrange- 
ment allows  the  system  to  function  independently  from  the 
living  sp^ce  and  supply  Jiea<t  only  when  necessary. 

Isolated  gain  systems  function  on  the  principle  of *the 
natural  convective  loop,  as  shown  in  Figure*  11.     As  the  stor- 
age  medium  is  heated  in  the  collector,  it  rises  to  the. heat 
storage  bin  and. is  replaced  by  cooler  water  or  air  according 
to  the  particular  system.  „  * 

-  A 

HEAT  STORAGE  BIN 


'.4 
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Installation  of  isolated  gain  systems  are  under  way, 
and  information  an  energy  auditor  would  need  to  recommend 
an  isolated  gg.in  -system  has  been  compiled  and  analysed. 


i 


i 
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EXERCISES 


1.  Although' many  alternative  energy  sources  are  being  ex- 
plored, only  a  few  are  of  great  significance  for  the 

_%         energy* auditor .  Why? 

2.  Explainable  concept  of  a  "hybrid"  solar  water  heating 
system.        •  . 

3.  *     Explain  the  importance  of  the  reflective  roof  Surface. 

4.  Discuss  thermocirculation  and  its  importance  in  passive 
solar'space  hfeating  systems.         ,  s 

.5.      Explain  how  roof  ponds  can  provide  both  space  heating 
and  space  cooling. 

6.  Discuss  heat  flow -in  an  indirect  gain  space  heating 
system.     (Discussion  should  include  both  masonry  and 
water  thermal  ."storage  systems  ♦     Conduction,  convection, 
and  radiation  shoulcj  also  be  considered,) 

7.  Explain  why  indirect  gain  and  greenhouse  passive  solar 
heating  systems  ate  more  likely  to'Jbe  applicable  to 
existing  structures  than  direct  gain  systems. 
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 .    TEST 

*  * 

Enter  True  or  False  in  the  blank  after  each  statement. 

1.  A  hybrid  solar  hot  water  system  j:om6ines  the  elements 
of  a  passive  system  with  those  of  a  conventional  fossil 
fuel  or  electric  system.     __.   » 

2.  With  an  air  system,  transport  of  heat  over  long  distances 
is  more  costly  than  it  would  -be  with  a  liquid  system. 


ERIC 


Photovoltaic  cells  can  significantly  reduce  the  cost*  ^ 
per  kWh  of  electricity  consumed  in*  a  typical  commercial 

facility.    .  • 

A  direct  gain  system  is  so  named  because  sunlight  strikes 
the  thermal  storage  medium  directly,  rather  than  passing 
through  the  windows  and  room  first, 

Generally,  the  most  important  consideration  in  Retro- 
fitting an  existing  structure  with  any  type  of^ passive 
solar  heating  system  is  the  construction  material. 


Isolated  gain  systems  are  one  of  the 'newest  passive 
solar  energy  systems,  ; 

With  water-type  solar  collectors,  selective  Surfaces 

on  absorber  plates  become  less  beneficial  as  temperature 

requirements  increase.   

Currently,  the greatest  problem  with  active  solar  ^pace 
cooling  systems  iri  that  absorption  units  .cannot  operate 
at  temperatures  in  the  rangfe  of  160°F  to  180  F, 


Because  the  effective  range  of  temperature  radiation 
is  15-20  fee.t,  active^-  solar  space  heating  systems  are"  ^ 
limited  to  residential  and  small  commercial  applications 
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10.      -One  great  advantage  of  passive  solar  space  heating  sys- 
tems is  that  their  many  mechanical  parts  are  standard 
hardware/construction  items.   

Complete'the  following  sentences. 

n-    Surfaces  are  more  efficient  than  flat  black 

surfaces  in  solar  collectors. 

12.  Eor  relatively  small' buildings ,  when  space  heating  is- 
the  only  load  on  the  active  solar  system, 
collectors  may  be  mos-t  suitable.  4 

13.  In  a  water-filled  thermal  storage  wall,  the  surfaces  • 
stay  relatively  cool  due  to  the  heat  transfer  process 
of   1_. 

14.  In  an  isolated  gain,  system,  the"heat  collection  and 
4    storage  medium  circulates  through  a  .  f\ 

15  •  is  the  solar  collector  tubing  material  most  A~ 

resistant  to  corrosion  and  pitting. 
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PREFACE' 

The  Energy  Audit  Workbook'  provides  a  step-by-jstej)  approach  to 
gathering  the  necessary  information  for  performing  an  energy  audit. 
'Modules  EA-01  through  EA-10  should  be  used  as  reference.    While  dif- 
ferent auditing  assignments  may  require  many  different  forms  and 
checklists,  the  ones  presented  herein  are  basic  and  standard.  They, 
are:  1*  (  t 

•  Energy  Inventory  - 
■    ,  •  Energy  Audit  Checklist 

•  Condition  Summary 

•  Evaluation  of  Potential  for  Energy 
»           Conservation  Measures  m  > 

•  Evaluation  of  Potential  for  Solar 
and  Renewable  Resource  Measures 

•  Potent^l  Energy  Saving  Calculations  | 
familiarity  with  these  forms  and  checklists  should  eJable  the  energy 

auditor  to  meet  any  particular  reporting  requirements,  w 

Students  should  read  through  the  material  in  the -Workbook  and  work 
.as  many  calculations  as  possible  (supplying  aribtrary  figures  wften 
necessary).  i    "  ,  .  '    *»   *  * 
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ENERGY  INVENTORY 


The  following  Energy*  Inventory  Form,  or  i ts  equivalent,  should-  be 
completed  by  management  and/or  operational  staffs  before  the  audit  is 
initiated*    This  information  is  essential  to  an  understanding  of  build- 
ing energy  demand,  using  the  audit  checklist,  preparing  a  report  of  the 
energy  audit,  and  developing  a  realistic  energy  management  program. 
(Information  elements. marked  with  arj>  asterisk  (*)  are  not  specifically 
required  by  federal  rule-ftiaking  but  can  be  useful  for  energy  management 
programs  in  individual  institutions.) 

The  Energy  Inventory*organi,zes  important  data  concerning  the  build- 
ing or  facility  according  to  the  following,  categories: 

A.  General  Administrative  Information 

B.  Occupancy  Patterns/Operating  Conditions/Climate  Information/ 
Activity.  Groups, 

C.  Physical  Characteristics  9 

D.  '    Annual  Energy  Consumption  Summary 

E.  Energy  Systems:  * 
Lighting 
HVAC 

Heat-ing  and  Cooling  Sources 
Water  Usage 
Special  Services 

F.  .  *  Solar  and  Renewable  .Resource  Potential  m  ( 
G:     General  Remarks       -  '  , 

It* is  suggested  that'the  different  categories  of  the  €nergy 
Inventory  Form'be  completed  by  the  following  qualified  personnel: 


a. 
b. 
c. 

e. 
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Category 

Performed  By 

General  Administrative  Information; 

Occupancy  Patterns/Operating  Condi- 
tions/Climate Information/Activity 
Groups; 

Annual  Energy  Consumption  Summary 

Building  administrative  personnel 

:  Physical  Characteristics  and  Energy 

Maintenance  personnel 

Systems:    Lighting,  Water  Usage 

•  Energy  Systems:    Ventilation,  and 
Heating  and  Cooling  * 

Building  engineer  (In  the  absence 
of  building  engineer,  maintenance 
personnel  should  complete  these 
sections. ) 

•Q 

Energy  Systems:    Special  Services 

Special  services  personnel 

The  implementation  of  energy  conservation  maintenance  and  operating 

procedures  i;s  a  condition  for  eligibility  for  receiving  federal  assis- 

y 

tance  under  the  Technical  Assistance  Program.    Should  technical  questions 
arise  concerning  mechanical  equipment  in  operation  in  ftie  building,  the 
engineer  or  appropriate  service  company  should  be  consulted.  * 
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ENERGY  INVENTORY  FORM 


A.    GENERAL  ADMINISTRATIVE  INFORMATION 


1-2. 

3-4. 
5-5. 


7. 
3. 

9. 
10. 


11. 


Indicate  if  single  building  or  complex;  enter  the  name;  check  the  appropriate  ownership,  type 
and  category,    if  other  applies,  enter  a  one-  or  two-word  description.    (For  example,  a  hospi- 
tal which  is  neither  a  general  hospital  nor  a  TB  hospital  would  check  "other"  and  add  *obstet- 
rics"and  gynecology"  or  'eye,  ear,  nose,  and  throat,"  "orthopedic,"  "chronic  disease,"  or  other 
appropriate  brief  description.  *  .  <. 

Provide  building  address  (do  not  use  P.O.  8ox  number  -  enter  street  address)  and  phOne  number.^ 
Note  year  constructed  and  date  of  last  major  addition  or  modification. 

Record  names'and  telephone  numbers  of  building  manager  and  building  operator;  record  names  of 
mechanical'  and  electrical  epgineers.    Record  names  and  telephone  numbers  of  persons  responsible 
for  the  building.  . 
Has  an  energy  management  coordinator  been  designated? 

Indicate  whether  major  changes  are  anticipated  in  the  facility  qroper  or  in  its  function  for 

tne  next '15  years;  e.g.,  new. construction,  rehabilitation,  or  demolition. 

Indicate  whether  arty  otner  energy  audif  work  has  been  completed  or  is  currently  under  way. 

Oescnoe  any  conservation  measures  that  nave  been  implementeo  or  are  being  considered  and  ex* 

pected  cost  "and  energy  savings  expressed  as  an  annual  oercentage  reduction  in  the  type  of  fuel 

affected.    Attach  additional  pa$e  if  necessary. 

Describe  any  previous  architectural/engineering  studies. 

Provide  the  names  of  the  original  arcnitects  and  engineers  of  the  ouilomg.  r 


jng  or  Complex: 


Name%of  3uil 

Owner:   •_ 

Public   

Non-Prof 1t 

Building  Type  and  Category: 


4ing  or 


Q  School 

  elementary 

  Secondary 

  Junior  College 

  College  or  Univ. 

  Vocational 

Other,  Specify 


private  ^  

Indian  Tribe 


Hospital 
General 
Tuberculosis 
Psychiatric 
Other,  Specify 


□  Local  Gov't. 

  Office 

  Storage 

  Library 

  Services 

  Police  Station 

  Fire  Station 

Other,  Specify 


□  Public  Care   

  Nursing  Home 

  Long-term  Care 

 RehaJ).  Center 

  Orpgfenage 

  Public  Health  Ctr. 

 Residential  Child  Care 

—Other,  Specify — 


x. 
5. 


*5. 

7. 
3. 

9. 

10. 

n. 

12. 


3uilding  Addres's: 
State   


Telepnone  Numoer 


City 


Year  of  Last  Major  Addition  or  Modification: 


Telephone  Number: 
'  Telephone  Numoer: 


Year  Constructed:*  

3uilding  Manager:   

building  Operator: 

°erson  Responsible  for  3ui Iding:  

Telephone  Number:  *  >  

Mechanical  Engineer:  Electrical  Engineer: 

Energy  Management  Coordinator  Designated:    Yes  Q         No  Q 
Anticipated  3uilding  Modifications:  


Previous  Energy  Audit  Work  Completed:   Yes  Q 


No*Q 


Specify: 


Conservation  Measures  (Retrofit)  Already  Implemented  or  Under  Consideration: 
Yes  Q„       No  Q        Specify  Project,  Cost  and  Expected  Energy  Savings:   


Previous  Architectural/Engineering  Studies:'  Yes  Q 


No  □ 


Specify: 


Original  Architects: 
Original  Engineers: 
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OCCUPANCY  PATTERNS/OPERATING  CONDITIONS/CLIMATE  INFORMATION/ACTIVITY  GROUPS 

1.  Complete  occupancy  schedule.    If  the  institution  operates  on  a  seasonal  schedule,  or  ha^  other 
periods  of  at  least  a  week's  duration  wnen  the  building  is  only  oartially  occupied,  the  number 

*  of  weeks  partial  use  by  calendar  quarter  should  be  entered,  along  with  the  approximate  percen- 
tage of  total  gross  square  feet  in  use  during  such  periods. 

2.  Provide  summer/winter  operating  conditions:    average  indoor  temperature,  normal  indoor  rela- 
tive humidity,  outside  design  temperature,  average  seasonal  relative  numidity. 

3.  \Note  U.S,  heating  and  cooling  zone  in  which  building  is  located  and  climate  information  unique 


to  the  location.  Refer  to  heating  and  cooling  degree  data. 
List  the  kinds  of  activities  housed  within  the  building. 


3. 


*4. 


Oay(s) 

Time  Period 

Average            *  gsf 
Occupancy  Occupied 

Number  of  Hours 

Weeks/Year 

Mon-Frl 

day 

evening 

i  « 

mgnt 

Saturday 

day 

evening 

\ 

"Wignt 

Sunday 

day 

evening 

night 

Quarterly  °artial  Usage: 

Quarter      Weeks      %  gsf 

1st  

Znd 


3rd 


Summer 


Winter 


.3F 
"  °F 


Operating  Congitidns: 

Average  Indoor  Temperature 
Indoor  Relative  Humidity 
Outside  Design  Temperature 
Outside  Relative  Humidity 

3uilding  Location: 

U.S.  Heating  Zone  *   r__ 

Annual  Heating  Degree  Oays   

<3ase  55°F> 

List  facility  activities  (e.g.,  radiology,  school  administration,  mayor's  office  and  staff, 
etc.)  and  approximate  area  and  time  devoted  to  each. 


m  U.S.  Cooling  Zone  4 
"Annual  Cooling  Degree  Oays 
(8ase  65°F) 


a. 

d! 
e~ 


m  area 
\  area 
"  area 
\  area 
"  area 


sq. 
sq. 

sq 


ft. 
ft. 
ft. 
ft. 
ft. 


time  worked 
time  worked 
time  worked 
time  worked 
time  worked 


(If  more  space  i»  needed,  attach  a  separate  sheet.) 


hrs/day 
hrs/day 
hrs/day 
hrs/day 
hrs/day 
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C.    PHYSICAL  CHARACTERISTICS 

1.  *    To  calculate  gross  square  feet  (gsf),  multiply  the  outsiae  dimensions  or  measure  from  the  cen- 

terllne  of  common  walls  and  multiply  by  the  numoer  of  floors.    If  the  building  has  wings,  or 
»     the  number  of  floors  varies  in  one  part  from  another,  divide  the  building  into  sections,  cal- 
culate the  area  of  each  section,  and  total.    (Oeduct  from  the  total  area  any  parking  parages 
or  other  areas  that  are  neither  heated  nor  cooled.)    To  obtain  building  volume,  multioly  aver- 
age ceiling  height  times.gross  floor  area. 

2.  Total  the  exterior  glass  area  (excluding  skylights)*  noting  whether  glass  is  single  or  double 
pane. 

3.  Total  the  exterior  wall  surface  area  (excluding  glassed  area),  noting  predominant  wall  mate- 
rial.- indicate  approximate  ovecall  thermal  transmi ttance  (U0)  for  wall  structure  by  multiply- 
ing area  times  U  value.       *  _ 

4.  Compute  surface  area  of  roof  (excluding  total  skylight  area).    Note  general  condition.  Indi- 
♦    cate  approx4mate^veraU-thermal  -transmrttance-(U0)-fcr-roof  structure  by  multiplying  area 

tioes  U  value. 

5-6\    Note  type  and  thickness  of  insulation  material  in  roof,  walls,  and  floors.    Note  if  ?here  is 
none. 

T:      Sketch  position  of  facility  on  sue  with  North  arrow. 

3.      3riefly  describe  general  builaing  concitions.     V  ' 


1 .      Gross  Floor 

Area:  _<  gsf 

*2.      Total  Exterior  Glass 
Area:   sq. 


North  Side 


Total  Area 
Single  Pane" 
Double  Pane 


Ceil ing 
Heignt 


sq.  ft. 
sq.  ft. 
sq.  ft. 


Singl 
Joubl 

Sou th  Side 


e  Panes 
e  Panes 


Vo 1 ume 


sxj.  ft. 
sq.  ft. 
sq.  ft. 


sq.  ft. 
sq.  ftT. 


East  Side 


.  sq.  ft. 
•sq.  ft. 
sq.  ft. 


cu.  ft. 


west  Side 


sq.  ft. 
sq.  ft. 
sq.  ft. 


♦5. 
*5. 

7. 
3. 


Total  Exterior  Wall 

Area:       ■  sq.  ft. 

U0;  3tu/hr/°F 

Total  Roof 

Area:   

«o  =   


sq.  ft. 
3tu/hr/°F 


Insulation  Type:  Roof   

Insulation  Thickness:  Roof 


Material :    Masonry  _ 
Concrete" 


Condition:  Gooo 
Wall   


tood  

Stucco 


Floor 


Otner 


°oor 


- N 


Wall 


Floor 


What  is  orientation  of  building  on  site?  (Draw  sketch  with  North  arrow.) 
Description  of  general  building  conditions:       %       ,  , 
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0,    ANNUAL  ENERGY  CONSUMPTION  SUMMARY 


1-9. 


10. 


11. 


Complete  fuel  v*e  summary  for  base  year  (or  last  12  months  if  no  Wse  year  has  been  estab- 
lished), using  utility  records,  and  Energy  Data  Forms  provided.    (If  no  past  records  have  been 
kept,  call  ttie  utility.)   Multiply  by  the  conversion  factors  (as  required  by  the  Federal 
Register,  Section  450.42(H),  April  2,  1979)  and  enter  the  results  in  Column  0  as  annual  3tu 
consumption.   Transfer  annual  cost  for  each  fuel  from  the  appropriate  Energy  Oata  Form  to 
Column  E.    Compute  consuraptiOnHn  Btus  per  gross  square  foot  per  year  by  dividing  the  total 
of  the  entries  in  Column  0  by  gsf.    Compute  energy  dollars  per  gross  square  foot  ^er  year  by 
dividing  the  total  of  the  entries  in  Column  £  by  gsf.    (Obtain  gross  floor  area  from  previous 
page  and  energy  costs  from  Energy  flata  Forms.) 

Based  on  past  year's  utility  bills,  complete  peak  electrical  demand  data.,  For  buildings  or 
complexes  over  200,000  gsf,  or  if  the  electric  rate  contains  a  demand  charge,  determine  if 
demand  is  recorded/  Note  times  at  which  typical  peaks  occur  during  da'ily  operation.  Also 
note  whetheriiema7m~fl^rctqates  on.a  seasonal"  ba si s>  indicating -month  in  which  the  highest  de- 
mand occurs.  "™  ;* 
If  data  is  available,  indicate  the  fueJ  used  oy  each  of  the  major  energy-using  systems  listed 
f  eacn.    ror  "special*"  indicate  special  purpose  facilities  (e.g.. 


and  the  annual  consumption  o  

*ood  service,  laundry)  ~ whTcn~us^s"i grn  rica7it~amouh.ts  of  energy 
usage.  . 


fjel  tyoe"  used,  and  annual 


A 

,  .3  

C 

D 

E 

F 

G 

Fuel 

Previous  12 
Month  Totals 

Conversion  . 
Factor 

3tus 
Consumed 

Annual 
Cost 

3tu/ 
gsf/yr 

S/gsf/ 
yr 

Electricity 

kWh  x 

11,600  < 

Natural'  Gas 

CCF       x  • 

103,000  » 

42  Oil* 

gallons  x 

138,590  * 

*6  Oil2 

gal  Ions  x 

149,690  » 

Steam 

pounds  x 

1,390  * 

Coal 

'     tons  x 

24, SCO, 300  ' 

3ropane 

gallons  x 

95,475  * 

Other,  Soecify3 

TOTALS 

////////////// 

////////// 

1  *l  oil  snoidd  incluae  other  distillate  fuel  oils. 
:  >6  oil  should  include  other  residual  fuel  oils.  % 

1  Ose  a  standard  engineering  reference  manual  or  factors  provided  by  the  State  for 
other  fuels. 

10.      3ea*  Electrical  Demand: 

Annual:   ' 

«ontn:   


kW 


fuel  Use  by  ?1ajor  Energy-Using  Systems: 

System  —Fuel  /Type 

Heating   , 

Cooling  *   L_ 

Hot  Water  ' 

Lighting  

Special,  SpecTfy  . 


Annual  Use 
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er|c 
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ENERGY  DATA  FORM 

C  D  E 


G 


Month 

Reading  Date 

kWh  Used 

Measured  Demand  kW 

$  Cost 

(FCA)  Tuel  Cost 
Adjustment  ($) 

Total  Cost* 
(D  +  E  =  F) 

$/kWh 
(F  :  6  ■  G) 

From 

To 

Current 

Base 

*  Current 

Base 

Current 

Base 

Current 

Base 

Current 

Base. 

Current 

Base 

Jan 

Feb 

• 

Mar- 

• 

-> 

* 

M 

Apr 

May 

*      *  - 

• 

Jun 

* 

« 

Jul 

Aug 

Sep 

* 

Oct 

* 

V-  

"Nov 

Dec 

Column  B  Totals 

On-SUe 
Conversion  Factor 

X* 

3,413 

X 

3,413 

  — t  ■ 

1  » 

Total  Btus 

*  CLECTRH 

•  Electric 

:iTY                                      .  kWh/ 

yr  « 

v  Column  B  Totals 

:ity  Rate  No.   

Point  of  Generation 
Btu  Conversion  Factor 

X 

1 1 ,600 

X 

11,600 

-Building  

* 

Total  Btus 

4; 
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ENERGY  DATA  FORM 


A. 

B 

C 

-  D 

V 

F 

G 

♦J 
c 

Reading  Date 

Gas  Used 
CCF 

Gas  Cost 

Gas  Cost 
Adjustment 

Total  Cost 
(C  +  U  =  E) 

$/CCF 
(E  *  B  =  F) 

Heati 
Degree 

ng 

Days 

o 
£ 

Frnm 
r  •  uw 

To 

Tnrrpn  t 

Base 

Cui*rcnt 

*  Base 

Current 

Base' 

Current 

Base 

Current  , 

Base 

Current 

vBase 

Jan 

Feb 

 ^ 

• 

— —  j — 

Mar 

Apr 

May 

• 

Jun 

Jul 

Aug 

Sep 

y 

Oct 

Nov 

Dec 

TOTAL 

NATURAL  GAS 

CCF/yr 

Btu 

Conversion  Factor 

X 

1^3,000 

X 

103,00,0 

Natural  Gas  Rate  No. 

<3 

Total  Btus 

Bui Idlng 

1 
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J 


Jan 


Feb 


Mar 


Apr 
May 


Jun 


Jul 


Aug 


Sep 


Oct 


Nov 


Oec 


ENERGY  DAIA.  FORM 


B 


Reading  Date 


From 


To 


TOTAL 


fuel  Used 
(Gallons) 


Current 


Base 


Conversion  Eac^or: 


12  Oil 


16  Oil 


Propane 


Other 


Total  Btus 


x  138,690 


x  149,690 


x  95,475 


x  138,690 


x  149,690 


x  95,475 


$  Cost 


.Current 


Base 


D 


$/Ga11on 
(C  r  B  =  D) 


Current 


ffase 


v  Heating 
Degree  Days 


Current 


Base 


Fuel  'Used  Per 
Oegree.Day 
(B  i  t  *  F) 


Current 


Base 


7 


OIL  □  «2  Oil 
PROPANE  


□  #6  Oil 


gal/yr  Other   


gal/yr 
gal/yr 


Percentage  loCal  Consumption   


% 


Current  Year 


Baste  Year 


ENERGY  DATA  FORM 


.Jan 


Feb 


Mar 


Apr 


Hay 


Jun 


Juf 


Aug 


Sep 


OCt 


Nov 


B 


D 


Reading  Date 


From 


To 


)lumn  8  Totals 


On-Site  BUj. 
Conver 


Total  Btus 


Column  8  Totals 


Point  of  Generation 
Btu  Conversion  Factor 


Total  Btus  * 


Steam  Used 
(1000's  of  lbs) 


Current  Base 


x 

1J90 


x 

1,390 


$  Cost 


Current  Base 


$s  Per  1000  lbs 

(C  ?     s  D) 


Current  Base 


Heating 
Degree  Days 


Current  Base 


Steam  Used  Per 
Degree  Day 
(8  *  E  =  F) 


Current  •-Base 


TCAM- 


JLbsiyr^ 


Percentage  Total  Consumption 

Current  Year   

Base  Year   
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E.    ENERGY  SYSTEMS 


Lighting 

1-2     For  each  lighting  type,  fluorescent  and  incandescent,  note  the  percentage  of  gross  square 
feet  of  the  building  illuminated.    Include  an  estimate  of  average  usage  in  hours  per  weeK 

3.  OetmiSe  the'  total  wattage  presently  used  to  illuminate  the  Gilding's  interior  and  divide 
by  the  gross  floor  area  toxonpate  an  average  ligntmg  level  in  watts  per  square  foot. 

4.  *    Note  total  interior  and  exterior  loads  in  kilowatts  by  adding  the  wattages  of  all  lamps 

(separately  for  each)  and  dividing  by  1000. 

5.  Note  any  unusual  lighting  applications. 


1 .  Fluorescent: 

Percentage  of  gsf :    * 

2.  Incandescent: 

Percentage  of  gsf:    * 

*3.      Average  Interior  Ligrfting  Level: 

*a       *otal  inferior  Ligntmg  Load:   f 

Total  Exterior  Lignttng  Load:  31 

•5.       jnusual  Ligntmg  Applications: 


Usage:  \_ 
Jsage: 


hr/w>c~ 


nr/wk 


*atts/ft; 


hr/yr 
hr/yr 


it 
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E.    ENERGY  SYSTEMS 
b.  HVAC 
1-10 


Check  the  type  land  capacity  of  HVAC  systems  found  in  the  building.    If  knowledge  of  the 
system  is^not  available,  obtain  the  information  from  the  mechanical  engineer,  blueprints, 
specifications,  or  nameplates.   Total  the  cubic  feet  per  minute  (cfm)  of  air  that  the 
air  systems  supply  to  the  building.    Note  what  percentage  of  outside  air  is  used.  Note 
r         the  heating  aod  cooling  Capacities  and  fan  horsepower.    If<a  buijding  complex  is  being 
audited,  provide  this  information  for  each  building.   Attach  an  additional  sheet  if 
needed.  ,  "v_ 

11-13.     Economizer  tycle:   An,  economizer. cycle  is  the  air-handling  equipment  utilizing  outdoor 
air  during  the  winter  season  to'cool  the  interior  of  the  building.   Two  types^of  econo- 
mizer cycles  are  enthalpy  control  and  dry  bulb  changeover  temperatures. 


"0. 

7, 
3. 
9. 
10. 


System  Type 

Total  cfm 

Minimum  « 
Outside  Air 

Capaci ty 
3tu/hr 

Fan 
Horseoower 

Terminal  Repeat' 

Multi-Zone 

^.Oual  Ouct 

Variable  Air  Yolunft 

Induction 

Fan  Coil 

7//////U 

Heat  Pump 

Air  Exhaust 

>////;///■ 

\///////\ 

Radiation 

'///////// 

y//////// 

///////// 

Other 

•It.        Economizer  Cycle:   Yes    No  _____ 

*12.        If  yes,  indicate  cnangeover  temoerature:   'F  (ar,y  bulb) 

~  *TX        f?  yes',  indicate  it  enthalpy  control:  "TeT_ 


~3o~ 


V 
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£.    ENERGY  SYSTEMS 

c.    Heating  and  Cooling  Sources 


Heating 
1-3. 


4-6. 


Note  the 'principal  fuel  .used  by  the  heating  system.    Obtain  the  rated  output  (energy  output 
of  system  in  Btus  or  kWhs)  and  the  rated  input  (amount  of  energy  required  to  obtain  the 
specified  rated  output)  from  the  equipment  specifications. 

Larger  buildings  tend  to  have  boilers  or  purchase  hot  water  or  steam.    Smaller  buildings 
tend  to  have  unitary  direct-fired  equipment.    Determine  the  system  type..    Estimate  the  num- 
ber of  hours  per  day  and  weeks  per  year  that  the  heating  plant  operates. 


Cooling 
1-3., 


4-5. 


Note  the  principal  fuel  used  by  the  cooling  system.    Obtain  the  rated  input  consumption 
figure  required  to  generate  full  capacity  cooling  from  specifications. 
Examine  the  equipment  to  determine  system  type.    Estimate  the  number  of  hours  per  day  and 
weeks  per  year  that' the  system  operates. 


1. 
4 


♦6. 


Heat:nq  System 


me,i  type 


3ateo  Inout  Consumption 


Rated  Output  Capacity  IStu/ hr) 

System  T/oes:    (Check   /  ) 
 3oi  lers 

 Purchased  water  or  steam 

Jmtary  Direct-Fired 

'  Furnaces 

  Package  Equipment 

Gocration  PrOftTeT"        "  T 

 nrs/weekday 

  nrs/Saturday 

hrs/Sunday 

If  not  52  wks/yr: 

  wks/yr 

  from  (month) 

through  (month) 


Cooling  System 


Fuel  Type 

Rated  Input  Consumption 

Rated  Output  'Capacity  (tons) 

System  Types:    (Check  _/J 

 Absorption 

  Electric  Drive 

i  Steam  Turbine  Orive 

 Water-Cooled  Pacnaged  Unit 

Air-Cooled  Packaged  Unit 

Operation  Profile:  —  

 hrs /weekday 

  hrs/Saturday 

  hrs/Sunday 


if  not  52  wks/yr: 

  wks/yr 

^  from  (month) 

  through  (month) 


r 
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ENERGY  SYSTEMS 
d.   Water  Usage 
1-2 


3-4. 


Arbitrarily  select  a  base  year.   Examine  the  water  bill  and  note  the  reading  dates.  Note 
water  used  for  each  period  in  gallons.    Note  water  costs  for  each  quantity  of  water  usage 
and  compute  what  this  means  in  terms  of  $/gallon.    Indicate  heating  source. 
Estimate  the  number  of  gallons  of  hot  water  used  per  day.    The  difference  between  the 
delivery  temperature  of  hot  water  and  the  average  ground  temperature  of  city  water  is  the 
temperature  rise.    Record  it  now  for  later  use. 


Readjng  Dates 

Water  Used 
{Gal  Ions) 

Cost 

$/Gallon 

From 

To 

3ase  Year 

Base  Year 

 Base  Year 

Totals 

Domestic  Water  Heated  8y:  Electricity 
Daily  Usage: 

Gallons/Day   


Natural  Gas 


Other 


Oelivery  Temoerature   F 

Average^  Temperature  of  City  Water  5F 

Temperature  ftfso  *F  (delivery  tamperature  *  city  watpr  r.emperatuxsi 
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£.    ENERGY  SYSTEMS 


Special  Services 

1.  Are  laundry  services  provided?—!  f  so, r  note  the  number  of  washer/ dryers ,  eacn  washer/dryer's 
capacity,  and  the  total  weekly  load. 

2.  Are  food  services  provided?    Complete  the  "Food  Preparation  and.Storage.Area  Equipment  chart 
on  the  following  pa^e,  if  applicable. 

3.  Are  other  special  services  provided? 


1.     Laundry       Yes  □ 


No  □ 


Washing  Data  £& 

Drying  Data 

Number  of 
Washers^ 

Wasner 
Capacity 

Total  Weekly 
Loads 

Number  of 
Dryers 

Oryer* 
Capacity 

Total  Weekly 
Loads 

Fuel 
Type 

lbs 

* 

lbs 

lbs' 

lbs 

lbs 

lbs 

lbs 

lbs 

lbs 

lbs 

lbs 
■  Xi — 

lbs 

2/  rood 


Yes  □ 


No  □. 


On  the  following  chart,  check  the  kitchen  equipment  used  in  food  preparation  and  storage. 
Where  possible,  record  information  from  equipment  nameplates.    Use  the  "comments 1  column-" 
to  note  general  -condition  and  equipment. 
Other       Yes  □         No  □ 

Describe  briefly  —  ,  ,  
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FOOD  PREPARATION  AND  STORAGE  AREA  CQUIPMLNT 

A 
n 

a 

V 

c  * 

D 

e 

r 

r  * 

m 

l 

^"              '  • 
'Description 

Number  of 
Units 

^  Information 
f  kilowatts  Btu/hr) 

Hours 
Operated 
Dally 

Days/Yr 
In  Use 

Annua  1  v 
Consumption 
JkWh  or  Btu) 
AxRxf xO 

Additional 
Comments 

£ 

•  * 

Ranges 

Ovens 

* 

• 

Steam  Tables 

Fryliig  Tables 

,-Freezers^ 

i  '  

—  ■  

* 

... 

* 

Refrigerators 

«  ^ ^^^^^ 

aft.  v 

- 

Infra-Red 
Warmers  • 

'-> — 

*  * 

ir 

Dishwashers 

• 

V 

 : 

Microwaves 

Hoods  With 
•Exhaust  Fans 

* 

Mixers 

* 

Other 

> 

SOLAR  AND  RENEWABLE  RESOURCE  POTENTIAL 


Check  characterises  of  adjacent  property. 
Indicate  nature  of  location. 

Note  building  characteristics.  Indicating  shape  as  square,  rectangular,  t-sf»ped,  H-shaPed, re- 
shaped, or  attach  a  rough  sketch  of  the  configuration.  / 

Note  roof  design.    For  the  orientation  of  a  pitched  roof,  indicate  t^e  compass  direction  of  a 
line  perpendicular  to  the  ridge  line  m  the  direction  of  the  downslope.    Note  presence  of  ro"oT- 
obstructions  such  as  chimneys,  space  conditioning  equipment,  water-towers,  mechanical  rooms, 
and  ^stairwells.    Identify  the  principal  structural  material  of  the  roof;  e.g.,  steel,  concrete, 
or  wood  structural  components.    Also,  Identify  the  type  of  roofing  such  as  shingle,  slate,  or 
built-up. 

Indicate  nature  of  southern-facing  Wall. 
Check  type  and  location  qf  heating  equipment. 

Using  Information  from  the  National  Weaiher  Service,  the  State's  energy  office,  or  from  cnarts 
provided,' enter  monthly  average  Insolation  and  wind  speeds. 

Note  any  special  conditions  or  characteristics  related  to  potential  for  solar  or  other  renewable 
resource  appl tcation. 


Adjacent  open  .and  (not  heavily  shaded)- 

□  Fleld/DYard  OParking  Lot  Other,  Specify 
Location: 

□  Urban  Q  Suburban   □  Rural 
lBu11d*hg  c*iara£ten sties: 

□  Roof  Unsnaded  □  Southern  Wall  Unshaded 

Number  of  Stories  ,       General  Shape   

Roof: 

□  Flat  □  Pitched,  Orientation   ^_ 

Roof  obstructions:   


Primary  Structural 
Material   


Type  of 
Roofing 


S.    Composition  of  Southern  Facing  Wall: 


6. 


Southern-Facing  Wall  Glass  Aref: 

□  Less  than  252  □  255  to  75S  □  Over  75X 
Type  and  location  of  space  heating  equipment: 

□  Single  Unit  □  Multiple  Units 

□  Outside, .Location  . 

□  Inside1,  Location  


Type  and  location  of  water  neating  equipment: 

QSingle  Unit  □.Multiple  Units 

Outside,  Location       '  -   

*  □  Inside,  Location  . 

Average  Insolation: 

Average  Insolation  {Bty/ftVyr) 

Jan    April    July  ' 

Feb    May    Aug-  

Mar  June   Sept 

8.  Remarks 


7. 


Oct 
Nov 
Oec 


Average  Wind  Speld-; 

Average  Wind  Speed  (m11es/hr)* 

Jan  April    July 

Feb    May   Aug 

Mar  June   Sept 


Oct 
Nov 
Dec 
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G.    GENERAL  REMARKS 


Provide  any  additional  information^  onsidered  to  be  pertinent  to  the  preliminary  energy  audits  or  any 
explanations  necessary  for  understanding  entries  elsewhere  on  the  forms. 


Remarks: 


J&ge_l8/£A=WE_. 
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ENERGY  AUDIT  CHECKLIST 
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ENERGY  AUDIT ^CHECKLIST      k «  , 

After  a  basic  understanding  of  the  facility  has  been  gained"  through 
completion  of  the  Energy  Inventory,  the  energy  auditor  is  ready  to* 
schedule  a  walking  tour  of  the  buildina.  o0utside  areas  as  well  as  the 
main  buildings  are  to  be  includednn  tfyp  tour,  which  should  be  conducted 
during  normal  operating  hours.         '  ^  * 

The  checklists  that  follow  are  organized  according  to  building 
systems.    Trouble  spots  are  indicated  by  appropriate  symptoms  or  condi- 
tions, each  capabTe  of  being  observed  by  individuals  with  nontechnical 
backgrounds  in  energy  management.  "  (No  elaborate  equipment  is. required; 

however,  it  is  re Commented  that,  if  available,  a  standard  dey-feu lb-   * 

thermometer,  a  .light  meter,  and  the  building  plans  be  used  to  facilitate 
data  collection.)  *  •*  -  ** 

Corresponding  to  each  condition  are  appropriate  operational  anti 
maintenance  (O&M)  and  conservation  measures  (retrofit  options)  that  can 
rectify  the  problem.  "The  0&M-ept4ons  should  be  impl-effefvted,  wherc-pes^--- 
sible,  before  considering  the  eaergy  conservation  m^pttfgs.    A  record 
of  progress  should  be- kept  'by  indicating  the^ates  of  implementation  of 
O&M  options,  initials  of  "implementors,"  and  whether  a'pplicable,"  Energy 
measures  should  be  checked  if' they  are  to  be.  considered  or  if  they  do 

not  apply.  *  '  ♦ 

Auditors  and/or  energy  management  teams  should  give  first  priority 
to  the  operational  and  maintenance  options  -  usually  the  most  rapid 
means  of  reducing  energy  consumption.    Operational  and  maintenance 
options  include  the  rest  or  readjustment  of  existing  systems  to  achieve 
increased  efficiency  and  generally  involve  "no-cost"  Qr  "low-cost'1 
procedures*  .Only, when  all  possible  operational  and  maintenance  options 
have  been  employed  should  the  more  capital  intensive  energy  measures 
(retrofit  and  redesign  options)  be  considered. 
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la 


-  CONDITION 


'□  a 


ENERGY  AUfl.1T  CHECKLIST 

ADHlHiSTRATIOM 


A-l   Jhermostats  on  heating/cooling  units 
are  vulnerable  to  occupant  adjustment. 


.  o 

0 


,  SUGGESTED  O&M  OPTIONS 


-^e^t^-thennnst.at.s  to  correct  ^£1105^ 


»'  Install  or  replace  locking  screws  to  prevent 
tampering. 


DATE 
COMPLETED 


,MTULS  na 


SUGGESTED  ENERGY  ^MEASURES."  (RETROFIT) 


r 


jnstall  tamper-proof  locking  covers  on  thermostats 

Install  preset  solid  state  electric  thermostat 
if  existing,  controls  are  electric.  - 

Relocate  thermostats  in  return  air  ducts  where 
they  will  be  inaccessible  to  occupants. 


to  36 


rERiC 
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ENERGY  AUDIT  CHECKLIST 


ADMINISTRATION 


CONDITION 


A- 2    Thermostat  settings  have  not  been 
adjusted  for  change  in  seasons/ 


SUGGESTED  O&M  OPTIONS 


"ASJost  thermostats  to  68°F  in  heating  season  and, 
to  78°F  during  cooling  season . 

Change  the  location  of  thermostats  from  areas 
subject  to  extreme  temperature  fluctuations,  such 
as  next  to  windows  or  over  a  heating  or  coo-ling  . 
unit. 


SUGGESTED  ENERGY  MEASURES:  (RETROFIT) 


OAT6 
COMPU6TEO 


r 


Replace  existing  thermostat -with  a  thermostat  that" 
has  a  separate  setting  for  cooling  and  a  separate- 
setting  for  heating,  or  use  one  thermostat  to  con-' 
troT heating  and' one  thermostat  to  control  cooling. 


4.38 
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ENERGY  AUDIT  CHECKLIST 


ADMINISTRATION 


-  h- 


"CONDIT10N 


□"  □ 


2 


A-3   Unoccupied  or  little  used  areas  are 
heated  or  cooled  unnecessarily.  -< 


SUGGESTED  O&M  OPTIONS 


*  Reduce  winter 'thermostat  setti  rigs  to  55°F  in 


unoccupied  area-s- 

•  Where  possible,  turn  off  heating  systems  if  nothing  . 
in  space  can  freeze. 

•  Use  spot  heaters/coolers  in  large  spaces  with  low 
*■  occupancy. 

^  •  Turn  off  cooling  systems  in  unoccupied  areaS,  if 
possible, 

*  i 

•  Disconnect  el ectrica^-  devi-ces,  close  drapes,  and 
shut  off  air  systems  if  nothing  in  space  can 
freeze. 


CATS 
COV1PJLETEO 


NITIALS     N  A 


-SUGGESTED  ENERGY- MEASURESrTRETROFIT) 

/ — :  ~. —  n 

•  Install  system  controls  'to  reduce  heating/cooling 
of  unoccupied  spaces.  .  . 


C3NS(0gc*£0 


I*. 


9 
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\  ENERGY  .AUDIT  CHECKLIST 


ADMINISTRATION 


condition  ; 

'  A-4    Off-hour  activities  are  scheduled. 


□  □ 


V 


SUGGESTED  O&M  OPTIONS 


COVP  -s""EO 


•  RescheiltflV;of f^roar  activities  "to  accommodate  - 

partial  shutdowp  of  building  systems. 

> 

•  Reschedule  custodial,  and  cleaning  activities  during 
working  hours  whenever- possible. 

•  Reexamine  original  assumptions « regarding  occupancy 
patterns  and  building  usage.    Modi/y  patterns  for 
increased  energy  efficiency. 


SUGGESTED  ENERGY  MEASURES:  (RETROFIT) 

r — —  —  n 

-  •  Install  .an  automated  energy  management -system  that 
■  will  control  all  spaces  in  accordance  with  usage. 


"3  £6 
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ENERGY  AUDIT  CHECKLIST.  / 

s 

ADMINISTRATION 


CONDITION  ^ 

■A-5   Building  temperatures  are  not  adjusted 
for  unoccupied  periods.  " 


Q  □ 


1  0 


SU' 


.TED  O&M  OPTIONS 


DATE 
COMPLETED 


INITIALS    N  A 


&  Reduce -thennostat  settings'by  a  minimum  of  10°F  at 
-~-.--tri^^  during  heating  - 

"*&eason.       ^  ,  '  x 

*  >  ♦ 

"V,  •  Shut  dcwn  all  air-conditioning  units  at  night,  on 

*  -//weekends ,  apd  holidays. 


SUGGESTED  ENERGY-MEASURES:  (RETROFIT) 


-  N 

•  Install  automatic  controls  such  as' time  clocks  or 
automated  management  systems  * 


CCNSlCe^ED 
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vENpfiGY  AUDIT  -CHECKLIST 


ADMINISTRATION 


J. 


coNpmoN 

□  □ 


A-6  h  Heating/ cooling  equipment  is  operating 
in  lobbies,  corridors,  vestibules  and/or 
other  public  'areas. 


SUGGESTED  O&M  OPTIONS 


Close  supply  d'uqts  and  radiators  and/or  lower 
heating  set  points  in  the  above  areas  if  there 
is  no  possibility  of  freeze-up.'  Disconnect 
electrical  heating  unites  (or  'switch  -off  at 
breaker  box) . 


Close  air-conditioning  supply  ducts  serving. the 
above  areas.  %  • 


V 

:AS\lF 


"STJGiSESTED;  ENERGY  MEASURES:  (RETROFIT) 


»•  Properly  adjust  and  balance  afr/water  systems  and 
controls. 


CONSI0636O  ' 


\1 . 
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ENERGY  AUDIT  CHECKLIST 

'  ADMINISTRATION 


v. 


CONDITION 


□  □ 


A-7   Heating/ cool ing  equipment  is  started 
before  occupants  arHve  and/or  is 
operating  during  last  hour  of  occupancy. 


SUGGESTED  O&M  OPTIONS 


Experiment  with  start-up  times  and  duration  of  ' 
"operation  to~de~termine  satisfactory  cbrtifOTtr"leveVs~ 
for  occupants.    Reduce  or  turn  off  heating  and 
cooling  during  the  last  hour  of  occupancy,  allow- 
ing the  building  to  "coast." 


cc 


OATS 
M«»L£TEO 


INITIALS     N  A 


r 


-jSUGGESTTSD-ENERGY^MEASURES^  {RETROFIT) 


Install  a  time  clock  or  an  automated  energy  manage- 
ment system  that  will  reduce^ heating  and/or  turn 
•pff  air  conditioner4. 
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ENERGY  AUDIT  CHECKLIST- 


CONDITION 

□  □ 


r 


ADMINISTRATION 


A-8   Use  of  equipment  associated  with  laundry 
and  custodial  services  coincides  with 
.heavy  electrical  demand  periods. 


SUGGESTED  O&M  OPTIONS 


-*--Reqw^--4&a^^      electrical  equipment --he.  usjed.i.n  . 


accordance  with  guidelines  that  avoid  peak  electri- 
cal 'demand  periods, 


0A7E  * 


\ 


SUGGESTED  ENERGY  MEASURES:  (RETROFIT) 


r 


Install  a.  demand  control  system  to  automatically 
monitor  power  demand  and  to  shut  off  assigned 
secondary  loads  to  lower  demand  peaks'to  pre- 
established  level .  * 


444 
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CONDITION 

□  □ 


E!\pG;Y  AUDIT  CHECKLIST 

^      ■/    -ADMINISTRATION         /  . 

 : — :  .ffr$*p 


A-9   Blinds  and.  curtains  are  not  used  to  help 
insulate  the  building. 


SUGGESTED  O&M  OPTIONS 


Instruct  personnel  to-close  interior  shacffn.g  devices 
to  reduce  night  heat  loss  in  winter  and  to  reduce 


jATe 


nitialS   n  a 


;solar  heat  gain  during  the  summer. 

•  Repair  or  replace  damaged  or  missing  shading  devices, 

•  Place  reminders  where  appropriate. 


V 


r 


SUGGESTED  ENERGY  MEASURES:  (RETROFIT) 


Add  reflective  or  heat  absorbing  films  to  reduce 
solar  heat  gain  in  summer.    (Caution:  Natural 
lighting  and" solar  heat-gain  in  winter  will  be 
reduced.    Also,  unless  protected  by  an  additional 
layer  of  glass,  these-films  are  subject  to  damage,) 

Install  outdoor  shading  devices. 
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CONDITION 

□  □ 


ENERGY  AUDIT  CHECKLIST- 

> 

'  .     .  ADMINISTRATION  

f 

s  ;  "  ^ 

A-10    No  records  of  maintenance  for  motors 
and  raotor-driveri  equipment  are  avail- 
able. * 


SUGGESTED  O&M  OPTIONS 


Using'nameplate  da-ta,  prepare  an  up-to-date  list 
"of  all  "motors  and" pumps'" used  in  the'ftfcility  "arid 
list  routine  maintenance  to      performed  on  each- 
Check  regularly  foe:        ,  \ 


b 
c 
d 
e 

£ 


Correct  motor  voltage  and  amperage 
Loose  connections  and  worn  contaQts 
Unbalanced  voltages  on  three-phase  motors 
Improper  grounding  . 
Packing  wear  * 

Wear  and  binding  on  bearings  and  drive  belts 
Proper  sequencing  of  pumps  and  motors 


^GGESTED^NE^Y^MEASURES:-«ETROF+-n~ 


Replace  worn  equipment  with  more  efficient  uhits, 
if  available. 


OATS 


COMPLETED 
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ENERGY  AUDIT  CHECKLIST 


ADMINISTRATION 


CONDITION 


□  □ 


A-ll    Control  devices  are  not  inspected  on  a 
regular  basis. 


SUGGESTED  O&M  OPTIONS 
i  f 


Routinely  check  all  time  clocks  and  other  control 
equipment  for  proper  operation,  correct  time  and 
day,  and  proper  programming  of  on-off  set  points. 
Protect  from  unauthorized  adjustment. 


r 


-SUGGESTED-ENERGY-MEASURES:  (RETROFIT) 


Consider  using  an  automated  energy  management 
system  as  an  alternative. 


ERIC 
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ENERGY  AUDIT  CHECKLIST 


ADMINISTRATION 


CONDITION 


□  □ 


A-12   Conditioned  air  or  heated  water  is 
discarded. 


SUGGESTED  O&M  OPTIONS 


None  Practical 


SUGGESTED  ENERGY  MEASUWfcS:  (RETROFIT) 

•  It  is  important,  for  a  buijfcng  owner  to  be  aware 
of  heat  recovery  measuresf^qweyeiM  it  is  not 
wise  to  install  such,  equipment  without  first 
analyzing  the  energy  characteristics  of  the  build- 
ing, performance  of  tne  hardware,  and  how  it  fits 
into  the  overall  energy  plan. 


DATE  »NIT1ALS     N  A 

COMPLETED 


3E 

OEPEO 


9 
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J 


ENERGY  AUDIT  CHECKLIST 

.  )  LIGHTING  

z 


"CONDITION    ^  J  1  1 

L-l    Incandescent  lamps  are  used  in  offices, 
work  rooms,  hallways,  and  gymnasiums. 


□  □ 


SUGGESTED  O&M  OPTIONS 


J 


ERIC 


Where  possible,  use  a  single  incandescent  lamp,  of' 
-iower-watta ge-rathnr " th  a  n  two  or  more  smaller  lamps 


of  combined  higher  wattage. 

Discontinue  using  extended  service^  lamps  except  in 
special  cases \  such  as  recessed  directional  lights 
where  short  lamp  life  is  a  problem. 

Discontinue  using  mutti-level  lamps.    The  efficiency 
of  a  single  wattage  lamp  is  higher  per  watt  than  a 
multi-level  lamp.  ,  # 


COMPLETED 


.NITIAUS    N  A  x 


SUGGESTED  ENERGY  MEASURES:  (RETROFIT) 

r  : — ;  :  n 

•  Replace  nondecorative  incandescent  lamps  with  more 

*  energy  conserving  types  such  as  fluorescents  in 
general' purpose  areas  and  mercury  vapors  in  large 
group -areas. 
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4     ENERGY  AUDIT  CHECKLIST 


LIGHTING 


CONDITION 

Q  □ 


+   ~ 

L-2    In  fixtures  where  fluorescent  lamps 
have  bee^n  removed,  the  ballasts  have 
not. been  disconnected. 


v. 


SUGGESTED  O&M  OPTIONS 


'   -SUGGESTED  ENERGY  MEASURES:  (RETROFIT) 

r 


■  -  1      *  f 

Disconnect  ballasts  that  st,ill  use  significant 
amounts  of  energy  even  though  tubes  have  been 
removed.  ~ 


3AT6 


•  NtT  I  A  toS     N  A 


Replace  unnecessary  tubes  w'ith  "dummy"  types,  which 
draw  little  current  and  yet  provide  uniform  lighting 
effect. 


450 


CONDITION 


ENERGY  AUDIT  CHECKLIST 


LIGHTING 


L-3   When  burned  out  fluorescent  lamps  and/or 
'    ballasts  have  been  replaced,  more  effi- 
cient lights  have  not  been  installed. 


"SUGGESTED  O&M  OPTIONS 


•  When  relamping,  replace  fluorescent  tubes  wi tf?  more 
*  efficient  and  lower1  wattage- types ,<  such  as  35-watt 
instead  of  40-watt,  to  achieve  a  reduction  in  elec- 
£>ric£l  energy  consumption.    Wherever  possible, 
replace  burned  out  ballasts  with  more  efficient 
lower  wattage  energy-conserving  ballasts. 

\  Consider  nat  replacing  burned  out  bulbs  or  lamps 

and  disconnecting  ballasts  in  areas  where  deVamping 
— >s  'possib4e.- iTor  example,  in  four-lamp  fixtures, 
'  allow^two  lamps  to  remain  and  disconnect  appropriate 
ballasts.  1 


OATS 
COMPUETSC 


t  N I T I A  LS    N  A 


SUGGESTED  ENERGY  MEASURES:  (RETROFIT) 


•  Install 'more  efficient  fluorescent  tubes  and  bal.lasts 
in  all  existing  l^minaires  (fixtures).    (Note:  Ver- 
ify that  new,  lamps  will  work  with  existing  bal.lasts.) 
»  *  ■  « 

•  Lowering  luminatres  (fixtures)  will  increase  illumi- 
nation levels  on  the  task'area  and  may  permit  a 
reduction  in  the  number -of  fixtures  or  the  wattage 

,<  of  lamps. 
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ERIC 


ENERGY  AUDIT  CHECKLIST' 


LIGHTING 


CONDITION 


□  □ 


r. 


L-4    Lamps' and  fixtures  are  not  clean. 


SUGGESTED  O&M  OPTIONS 


Establish  a  regular  inspection  and  cleaning  schedule 
for  lamps  tand  lumijiaires .    Dust  buildup  reduces 


effectiveness . 


Replace  lens  shielding  that  is  yellow  or  that  has, 
become  hazy  with  new  acrylic  lenses  that  do  not 
yellow. 


OAT=  INITIALS 


SUGGESTED  ENERGY  MEASURES:  (RETROFIT) 


Replace  outdated  or  damaged  luminaires  with  modem 
types  that  are  easy  to  clean. 
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«  * 
ENERpY  AUDIT  CHECKLIST 


LIGHTING 


SUGGESTED  O&M  OPTIONS 


■  ?  "  —  \ 

Replace  exterior  T50-watt  flood  lamps  with  75-watt  • 
flood  Jl amps  to"  reduce  consumption  yet  maintain 
adequate  illumination. 

Eliminate  outdoor  lighting  where  practical. 


SUGGESTED  ENERGY,  MEASU^S:  (RETROFIT) 


•  Install  atcontrol" device  (i.e.,  time  clock,  photo- 
cell) to  •autbmatically  turn  off  lights  when  not 
needed. *  .    •  .  t  .  K 

Replace  exterior  incandescent  lamps  with  more 
efficient  types,  such  as  high  pressure  sodium  or 
metal  -  halide. 
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ENERGY  AUD-iT  CHECKLIST; 

■  '     LIGHTING  \__ 


0ONDIT1ON 


□  .□ 


4 


SUGGBSTED  O&M  OPTIONS 


Provide  signs  instructing  occupants  to  turn  off 
lights -when  leaving  room. 

Organize  task  areas  to  eliminate  unnecessary 
illumination. 


-  „  / 


/ 


OATS 
COV»*l£*ED 


'  '  SUGGESTED  ENE^  m  ' 

•  Rewire  switches  so  that  one  switch  does  not  control 
'    all  fixtures  in  multiple  work  spaces." 

■»  -  -  ^  • 

•  Provide  timer  switches  in  remote  or  seldojn  used 
areas  where  there vwi 11  be  brief  j^jypanc/' periods. 
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ENERGY  AUDIT  CHECKLIST 


LIGHTING 


CONDITION 


□  □ 


"SUGGESTED  O&M  OPTIONS 


Utilize  natural^! ighf ing  whenever  possible. 

*  Clean\  walls  or  repaint  with  light  reflective  non- 
gloss^  colors. 

\  •  • v .  .." 


CCVP.£"SO 


SUGGESTED  ENERGY  MEASURES:  (RETROFIT? 


•  Install  light  sensors  and  dimming  equipment,  which 
'  automatically,  compensates 'for  varying  natural  light- 
.  ing  conditions.  *     i  1 

— v  " 
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ENERGY  AUDIT  CHECKLIST 

L 1 6HT I NG_J  '"' 


CONDITION 


□  □ 


r 


L-8   Two  lamps  have  not  been  removed  from 
£our-lamp  fixtures  where^os.sjble. 


SUGGESTED  O&M  OPTIONS 


SUGGESTED  ENERGY  MEASURES:  (RETROFIT) 


None  Practical 


0  ATE  INITIALS 
CO  V.pl£tEO 
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ENERGY  AUDIT  CHECKLIST 


BUILDING  ENVELOPE 


CONDITION 


□  □ 


B-l    Improper  alignment  and  operation  of 
windows  and.  doors  allows  excessive 
infiltration. 


SUGGESTED  O&M  OPTIONS 


Realign  or  re-hang  windows  or  doors  that  do  not 
permit  proper  closure.    In  extreme  cases,  consider 
permanent  sealing  of  windows. 

Make  sure  that  automatic  door'closing  mechanisms 
are  working  properly.    Adjust  for  faster,  return. 

Replace  or  repair  faulty  gaskets  in  garage  or  other 
overhead- doors. 


OATS 
;OMPL£TE*D 


INITIALS  U 


i  . 


SUGGESTED  ENERGY  MEASURES:  (RETROFIT) 


r 


4 


Consider  resizing  exterior  doors  (i.e.,  delivery 
doors),  making  them  smaller  to  reduce  excessive 
infiltration. 

Add  expandable  separate  enclosures,  w^ere -practical . 

Install  self-closing  doors  on  openings  to  uncondi- 
tioned spaces •  ^ 

(continued) 


CONSlOE  9E0 
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ENERGY  AUDIT  CHECKLIST 


BUILDING  ENVELOPE 


CONDITION 

□  □ 


SUGGESTED  O&M  OPTIONS 


COMP',ETSO 


SUGGESTED  ENERGY  MEASURES:  (RETROFIT) 


,  (continued) 

•  Install -a  switch  on  overhead  doors  tnat  plrevents^ 
activation  of.  heating/cooling  units  when  door  is*. . 
open.  ' 

•  Install  vestibulexioofs  at  major  entrances,. 


4 .     TO  36 

V.  '  ■ 


EA-WB/Page  41 


458' 


CONDITION 


□  □ 


ENERGY  AUDIT  CHECKLIST 

-  'BUTI  OTNG  FNVFI  DPF  '  \  

)  :  * 


B-2    Ceiling/roof  insulation  is  inadequate 
or  has  been, water  damaged. 


SUGGESTED  O&M  OPTIONS 


SUGGESTED  ENERGY  MEASURES:  (RETROFIT) 


r 


BeforeVeplacing  water  damaged  insulation,  repair 
roof  where  required. 

T 

Verify  that  vapor  bariier  faces  the  conditioned  . 
space  and  is  intact. 


OATS  ,MT»Ai.S  N 


CO*4SiOEfl£0 


•  Add  new  insulation  to  foeet*recommended  standard. 

4  (Check  the  cost  effectiveness  of  this  measure 

•  particularly  if  the  facility  is  over  thrde  stories?) 
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V 


ENERGY  AUDIT  CHECKLIST 


BUILDING  ENVELOPE 


ONDITJON 


□  □ 


B-3   Weather  stripping  and  caulking  around 
windows,  doors,  conduits,  piping, 
ekter/ior  joints,  or  other  areas  of 
infiltration  aire  worn,  broken,  or 
missing. 

/ 


SUGGESTED  O&M  OPTIONS 


Use  quality  weather  stripping  and  caulkj 
ensure  that  all  areas  of  infiltra'tion  al 


jg  to 
i  sealedt 


Replace  broken  or  cracked, windows.  (Air  leakage 
is  most  evident  when  wind  is  blowing  against  the 
side  of  the  building. ) 


J 


OA'S*  ,N»TtAUS     N  A 


SUGGESTED  ENERGY  MEASURES:  (RETROFIT) 


Where  practical,  cover^all  windows  and  through- 
the-wall  cooling  units  when  not  in  use.  Specially 
designed  covers  can  be  obtained  at  relatively  low  ~ 
cost,  ^ 

In  ar^eas  w'itfe  constant  strong  winds,  consider  in-  * 
stalling  winck  screens  to  protect  exterior  'doors 
from  direct,brast  of  prevailing  winds.  Screens 


(continue^) 


CONSIOSP60 


m 
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■  ENERGY  AUDIT  CHECKLIST 

'  ft 

\    ■.    *J       BUILDING  ENVELOPE  * 


CONDITION  V 


SUGGESTED  O&M  OPTIONS 


•SUGGESTED  ENERGY  .MEASURES:  {RETROFIT) 


(continued) 


OATS  .NITIALS     N  A 

CO  MP  LET  EO 


1 


be  opaque  (constructed  inexpensively  from 
crete  block)  or  transparent  (constructed  of 
1  framing  with  armored  glass)..  Careful 
itioning  is  necessary  for  infiltration  control. 


CONSI06R60 


ERIC  , 


Pa-ge 
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ENERGY;  AUDIT  CHECKLIST 


BUILDING  ENVELOPE 


CONDITION 


□  □ 


B-4   Excessive  expanses  of  glass  exist  on 
exterior  wal >s.  \ 


SUGGESTED  O&M  OPTIONS 


When  replacing  windows, %repl ace  with  thenjiopanes, 
util  izing- the  same  casings.  f 

Keep  curtains1 and  drapes  closed  in  unoccupied 
spaces,. 


^  OA'S 
^  COMPLIED 


.NlTfAuS 


r 


SUGGESTED  ENERGY  MEASURES:,  (RETROFIT) 

&  * 

Totally  or  partiajly  insulate  windows.  Consider 
jrepl-a&ing  windows  with  walls,* 

•  Install  double  pane  windows,  .      v  > 

*  * 

•  Consider  adding  reflective  or  heat  absorbing  film 
to  minimize  solar  gain  in  summer  and  heat  loss  in 
winter*    (Wote:    Any  window  fil»  reduces  natural 
lighting  and  winter  solar  gain,) 

'  -  .  (continued)  J 


'O  3€ 
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ENEBGY  AUDIT  CHECKLIST 

'  •**  BUILDING  ENVELOPE  


'  CONDITION 


SUGGESTED  O&M  OPTIONS 


SUGGESTED  ENERGY  MEASURES:  (RETROFIT)  - 

r~r-r — •  •  •  -  •   

(continued) 

•  Consider  installation  of  adjustable  outdoor  shading 
*     devices.       •  fc  «... 


v. 
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ENERGY  AUDlftMCKLlST 


BUILDING  'ENVELOPE. 


CONDITION* 


o  □ 


r 


B-5   There  is  no  insulation  between  condi- 
tioned and  unconditioned  spaces. 


SUGGESTED  O&M  OPTIONS 


0A7E  »NlTIA 
COMPLETED 


S  N 


SUGGESTED  ENERGY  MEASURES*  (RETROFIT)* 

/r- —  ;  ^ e 

•  Insulate 'bettfeen  heated/ cooked  spaces  and  uncondi- 
tioned  or  outside  areas'  such  as  parkings  garages,  . 
porticos,  storage,  basements,  and  attics „  * 


ONStOE^EO" 


ERLC 
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U4 


X 

CONDITION 


ENERGY  AUDIT  CHECKLIST 

VENTILATION  • 


"V-l  -M  excessive  quantity  of  outdoor'air 
is  used  to  ventilate.the  building. 


SUGGESTEEK5&M  OPTIONS 

*  _  ,   i  


Reduce,  outdoor  air*  quantity  to  the  mj-nimum  allowed/* 
by  codes  by  adjusting  outdoor  air  dampers  during 
hours  of  occupancy.  \ 


A. 


s 


r 


4- 


s 


fi; 


•SUGGESTED  ENERGY  MEASURES-*  (RETROFIT) 

/.  ,  "  b :  :  . 

•  Replace  old  .style  dampers  with  new  Ifigh  quality 
'  opposed-blacfe  mtfdels  with  better  slose-o.ff  ratings* 


+0% 


•  ■  r 
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ENERGY  AUDIT  CHECKLIST 


VENTILATION 


coNomoN' 

□  □ 


r 


V-2   Outdoor  air  intake  dampers  open  when 
building  is  unoccupied. 


r 


SUGGESTED  O&M  OPTIONS  . 


Close  outdoor  air  dampers  when  building  is  unoccu-  . 
pied.  .Be  sure  dampers  have  proper  seals  and  adjust 
tojensure  complete  closure. 

Where  codes  permit,  close  outdoor  air  dampers  during 
first  and  last  hours'  of  occupancy  to  permit  fast 
warm-up  and  coo*l-down.   ■  •      • . 


COMPLETED" 


SUGGESTED  ENERGY  MEASURES:  (RETROFIT) 

•  Ins^U  controls  t;hat  will  automatically  close 
dampers  during  unoccupied  periods. 


466 
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ENERGY  AUDIT  "CHECKLIST 


VENTILATION  . 


CONDITION 


o  □ 


r 


V-3   Ventilation  systems  are  not  'utilized 
for  natural  cooling  capability. 


SUGGESTED  O&M  OPTIONS 


r 


Whenever  possible,  use  outside  air  for  coeling 
rather  than  using/ refri geration.    (Use  economizer 
cycle,  i f  available.) 


r 


SUGGESTED  ENERGY  MEASURES: .  (RETROFIT) 


•  Install  an  economizer  cycle  with  enthalpy  control 
to-  optimize  use  of  outside  air  for  qooling. 
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V 


ENEflGY- AUDIT 'CHECKLIST. 


VENTILATION 


CONOITION 


□  □ 


r 


V-4   Exhaust  system  operation  is  not. 
programmed. 


r 


SUGGESTED  O&M  OPTIONS 


Discontinue  use  of  unnecessary  exhaust  f^ns. 

•  Rewire  toilet  exhaust  fans  to  operate  only  when 
1ights#are  on.    (Fans  are'often  wired  in  reverse. 
Correct  as  needed . ) 

•  Schedules"  should  be  established  so  that  'exhaust 
fans  run  only  when  needed.        •  / 

f  *  • 

•  Consider  grouping  smoking  and  other  areas  with 

similar  exhaust  requirements  so  that  tbey  may  be 
served  by  one  exhaufst  system. 


SUGGESTED  ENERGY  MEASURES:  (RETRCfm 


.Install  time  clocks  or  other  controls  to  shut  off 
►exhaust  system  when  not  needed  (when  permitted  by 
code). 

Install  a  rheostat;  in  series  with  exhaust  fan  to 
tnodulate  fan  speed  so  that  ;ho  more  than  the  neces- 
sary amount"  of  air  will ^be /exhausted. 


(continued) 
J 


CATS 
COMPu£T£D- 


MTcALS     n  - 


TO  3f 
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ENERGY  AUDIT  CHECKLIST 


-VENTILATION 


SUGGESTED  D&M  OPTIONS 


r 


r 


(continued) 


CCUP.STS2 


— -j^i^ 


SUGGESTEp  ENERGY  MEASURES:  -  (RETRCqT) 


-J 


"0  SS 


*;  Install'  chemical  ofnelectnjnic  odor  or  particulate 
y      '  remover  to  reduce  thi  need  for  using  gutside  air 
1/    f;or  ventilation..' 

Install  controlled  or  gravity  dampers  on. all  exha>us*t 
ducts  to  close  ducts  when  fan  is  not  operating. 


"7 
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ENERGY  AUDIT  CHECKLIST 


VENTILATION 


CONOITION 


□  □ 


V-5    Return  outdoor  air  .and  exhaust  dampers 
are 'not  sequencing  properly. 


SUGGESTED  O&M  OPTIONS 


 —  • — 7" — : — :  > 

•  Adjust  damper  linkage. 

•  Be  sure  damper  motors  are  operating  properly. 

%  Readjust  position  indicators  to  aeetf^tely  indicate 
damper  positions. 

•  Reset  linkage  or  replace  pampers  it  '.blades  do  not 
close  tightly.  ♦  • 

t 

•  Close  all  outdoor  air  intake  dampers  when  equipment  , 
is  shut  pff  and  when  biding  is  unoccupie'd.1 


DATE 


SUGGESTED  ENERGY  MEASURES:  (RETROFIT) 

 •  '  '  \ 

•  Replace  old  style  dampers  with  new  high  quality  \ 
opposed-blade  models  with  better  clqse-off -ratings. 


CONS»06P60 


EA-»WB/P*age  53* 


ENERGY  AUDIT  CHECKLIST 

VENTILATION 


Condition 


□  □ 


V-6    During  heating  season,  temperature  of 
airflow  to  space  feeTs  too  cold. 


SUGGESTED  O&M  OPTIONS 


Raise  supply  temperature  to  a  minimum  of  60°F  in 
interior  Zones  and  65°F  in  perimetfer  zones  during 
winter.    Be  sure  to  lower  the  supply. temperature 
to  55°F  during  the  cooling _S£as£n,    (Check  local  / 
codea.) 

Reduce  air  volume  to  prevent  a  draft  effect  during 
heating  season. 


SUGGESTED  ENERGY  MEASURES:  (RETROFIT) 


Page  54/EA-W'B* 
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ENERGY  A ODJ.T. CHECKLIST 


Vr 


,  «. VENTILATION. 


•  V 


V-7  'Airhofo  to  space  feels  unusually  low  or  : 
rs  inconsistent  from  one  space  to  another. 


^SUGGESTED  O&M  OPTIONS 


•  Utilize  ductwork  access  openings  to  check'for  any^ 
obstructions  such  as  loose  hanging  insulation  (in* 
lined  ducts),  loose  .turning  vanes  and  accessories, 
and  closed  volume  and  fire  dampers.    Adjust,  repa/ir, 
or  replace  as  necessary.^  * 

%- 'Inspect* all  r;oom  air  outlets  $n'd  inlets  (diffusers, 
registers,  and-  grilles) .    They  should  be  kept  tjean 

'  -artd  free  of  all  dirt  and  obstructions.    Clean  and 
remove  obstructions  as  necessary. 

•  Clean  or  replace  dirty  or  ineffective  filters' on  a 
regular  basis .       ,      ■  •« 

•  Post  signs  instructing  occupants  not  to  place  objects 
where  they  will  obstruct  airflow. 


CO  VP*, -ST  £C 


•  Consider  rebalancing  system. 


1 1* 


None  Practical 


SUGGESTED  ENERGY  MEASURES:  (RETROFIT)  ' 


Q.  ■ 


CONSJO€*»€0 
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CONDITION 

□  □ 

< 

A  r 

*  c 

-  A 


ENERGY  "AUDIT  CHECKLIST 

HEATING  •  


r 


H-1    Multiple  boilers  or  heaters  fire 
simultaneously. 


SUGGESTED  6&M  OPTIONS 


Adjust  controls  so  that 'boiler  $2  will  not  fire^ 
until  boiler  ^1  can  no  longer  satisfy  the  demand, 


SUGGESTED  ENERGY  MEASURES:  (RETROFIT) 


r 


Purchase  and  install  automatic  staging  controls 
i f  applicable. 
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ENERGY  AUDIT  CHECKLIST 

HEATING  v 


CONDITION 

□  □ 

i 


H-2    Stack  temperature  appears  excessively 
high  (greater  than  400°F  plusjroom^ 
temperature) . 


SUGGESTED  O&M  OPTIONS 


•  Ensure* that  proper  amoynt  of  air  for  combustion .is 
available  in  (tirnace  room. 

•  Examine  and  clean  air. intake  filters.  ? 

•  Perform  flue*  gas  analysis^  on  a  regular  basis  to 
ensure  proper  air-to-fuel  ratio. 

•  If  furnace  is  over-firings  ve\ify  that  spuds  and. 
nozzles  are  properly  sired.  Also  check  that  fuel 
pressures  are  not  too  hfigh. 

NOTE:    Clicks  and  maintenance  of  boiler  operations 
'should  be  performed  by  qualified  personnel.    If  - 
"  there  are  none  on  the  staff  of  the  institution, 
consideration* shbuld  be  given  to  obtaining  assis- 
tance from  a  service  contractor. 


s  . 

oa-s 

COVP'.STsD 


SUGGESTED  ENERGY  MEASURES:  (RETROFIT) 


Purchase  kit  for*  flue  gks  analysis  if  frequent 
testing ^is  anticipated. 
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'ENERGY  AUDIT  CHECKLIST 


HEATING 


CONDITION     jtf  A 

_    _      H-3  Water  in  heating  system  is  heated  when  * 
\_y  LJ.  ther"e  is  no  need. 


SUGGESTED  O&M  OPTIONS 


r 


Turn  off  boiler,  pumps;  or  heat  source. 


r 


SUGGESTED  ENERGY  MEASURES:  (RETROFIT) 


•  Install  control  to  automatically  shut  down  heat- 

generatyng  device  when  outside  air  temperature 
.   reaches  60°F. 


Page  58/EA-WB 


47. 


5 


ENERGY  AUDIT  CHECKLIST 


HEATING 


CONDITION 

□  □ 

I      i  ' 

2 
o 


H-4   Space,  temperatures  are  tirg^er  or  lower 
than  thermostat  setting*'., 


SUGGESTED  b&M  OPTIONS 


covers' 


Recalibrarte  thermostat, 


"Blowout  moisture,  oi >,  anckcfcirt'from  pneumatic 
'lines  ( for* pneumatic  sys terns )^c\ean  contacts  if 
electrical  control  system.      ,       .   _  • 

Recalibrate  controllers, 

<  • 

Ensure  that  control  valves  and  dampers  are  modulated 
properly. 

Ensure  that  heat-generating  device  is  producing 
heat  and  ttiat  heat  distribution  to  the  space  is 
unobstructed. 

Make  sure  air  intake  volume  is  not  excessive.  * 


SUGGESTED  ENERGY  MEASURES:  (RETROFIT) 

f—  ^  

"  •  For  electric  control  systems,  install  preset  solid 
state  thermostats  that  do  not. require  calibration. 


C0NS10E360 


j 
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ERJC 


f MER6Y  AUDIT  CHECKLIST 


CONDITION    ^  \   11  x 

H-5    Heating  system  Vnot  water  temperature 
fe61s  excessively  hot. during  periods  of 
mild  weathe 


0  □ 


z 


SUGGESTED  O&M  OPTI 


♦  Experiment  with  hot^water  temperature* reduction 
until  an  acceptable  comfort  level  i reached. 

•  Make  sure  reset  controls  work  properly. 


SUGGESTED  ENERGY  MEASURES:  (RETROFIT) 


^   A 

•  Purchase  and  install  automatic  temperature  controls 

to  schedule  heating  water  temperature  according  to 
'  outside  temperature. 


'0-  36 


5' 
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ENERGY  AUDJT  CHECKLIST 

"  ^   HEATING   

CONDITION 

H-6    Condensate  from  street  steam  is  beirfg 


□  □ 


discharged  to  sewer  drain. 


SUGGESTED  O&M  pPTlONS 


OATg  INITIALS 
COMPLETED 


SUGGESTED  ENERGY  MEASURES:  (RETROFIT) 

•  Install  pump  to  return  condensate  to  boilenor 
return,  condensate  by,  gravity  if  possible.  Conden- 
sate can -also  be  used  to'heat  domestic  water  &r 
boiler*  combustion  airjprior^to  its  return  to  tfoe 
boiler  feedwater  system.  -  } 


-O  3E 
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ENERGY  AUDIT  CHECKLIST 


CONDITION 


□  □ 


H-7    Heating  pilot  lights  are  on  during 
cool ir\g  season. 


SUGGESTED  O&M  OPTIONS 


\*  Turn  pilots  off'    (Enter  shut-off  and  turn-on  dates 
in  the  log  book  and  post  a  notice  in  the  boiler/ 
furnace  room, ) 


^Vf  COMPUST 


SUGGESTED  ENERGY  MEASURES:  (RETROFITS 


Replace  ,worn  units  with  new  electronic  ignition' 
moctels  to. avoid  unnecessary  fuel  consumption, 
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ENERGY  AUDIT  CHECKLIST 


HEATING 


CONDITION 

□  □ 


H-£<  Steam  radiators  or  other  steam  equipment 
^  fail  to  heat,  or  operate  erratically. 


SUGGESTED  O&M  OPTIONS 


•  Check  the  temperature  of  the  pipe  on,  the  downstream 
side _of  steam  traps'.'  If  it  is  excessively  hot,  the 
trap  probably  is 'passing  steam.    This  can  be  caused  ^ 
by  dir.t  in  th£  trap,  a  valve  off  the  stem,  excessive 
steam  pressure,  or  worn  trap  parts  (especially  valves 
and  seats).    If  the  fJipe  is  moderately  hot  (as  hot 

as  a. hot  water  pipe),  it  probably  is  passing  conden- 
sate, which  it  should.    If  it  is  cold,  the  trap  is 
.not  working  at  all  and  should  be  replaced  qr  repaired 
Initiate  a  steam  trap  maintenance  program.  , 

•  Clean  or^replace  thermostatic  control  valves  on 
radiators.  ' 

•  Check  air  vent  valve.    If  it  is  not  operating 
properly,  replace.*  *  • 

•  If  thermostatic  trap  is  malfunctioning^  clean  or 
replace  bellows  element. 

(continued)  . 


£ 

srs: 


SUGGESTED  ENERGY  MEASURES:  (RETROFIT) 


r 


None  Practical 
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ENERGY  AUDIT  CHECKLIST 


HEATING 


CONDITION 


□  Q 


0, 

c 


•  \ 


•  SUGGESTED  t)&M0PT10NS 


SUGGESTED  ENERGY  MEASURES:  (RETROFIT)- 


r 


(continued) 

'Water  pocket%may  be  obstructing  steam  flow.  > 
Correct  by  repitching  or  rerouting  pipes. 


DATE  .NITIALS     N  A 


consios^so 


ERIC 


Page  64/EA-WB 


481 


ENERGY  AUDIT  CHECKLIST 


HEATING 


CONDITION 


□  □ 


H-9   Steam,  condensate,  and  hating  water 
piping  insulation  are  in  disrepair  or 
missing. 


SUGGESTED  O&M  OPTIONS 


Inspect  pipes  for  broken  or  missing  insulation. 


Repair  or  replace  as  needed. 


J 


SUGGESTED  ENERGY  MEASURES:  (RETROFIT) 


•  Install  additional  pipe  insulatton  in  accordance 
with  design  specifications  and. energy  conservation 
codes. 
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ENERGY  AUDIT  CHECKLIST  ' 


HEATING 


CONDITION    f  1  1       .      '"  ^\ 

H-10    Operation  of  oil  burner  is  .aecompani ed 
by  excessive  smoke  and  sooting. 


□  □ 


SUGGESTED  O&M  OPTIONS 


Inspect  burner  nozzles  for  wear,  dirt,  and  incorrect 
spray  angles.    Clean  and  adjust  as  necessary .    <  * 

Verify  thatSoil  is  flowing  freely  and  that  oil 
pressure  is  J:orrect . 

Perform  flue  .gas  analysis  to  set  proper  air-to-fuel ^ 
ratio. 


OATS 
COMPLETED 


SUGGESTED  ENERGY  MEASURES:  (RETROFIT) 


r 


Purchase  kit  for  flue  gas  analysis ,  i f  frequent 
testing* is  anticipated. 


TO  3E 
DNS»0€^ED 
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,  t 


ENERGY  AUDIT  CHEGKUST, 

'  .'HEATING 

.  v.  >■  ■    y  : 


CONDITION 


r 


H-ll    Soot  and  odors  are  detected  in  areas 
where  they  are  not  expected* 


SUGGESTED  O&M  OPTIONS 


Heat  exchanger  may  have  burned  out.  '  Replace. 

•  - 

Stack  draft  may  be  inadequate.  Clean  and  correct 
as  necessary. 

P^rfofm  flue  gas  analysis  t'o  obtain  proper  s.ir-to 
fael  ratio.  s  *  N 


OAT£ 


SUGGESTED  ENERGY  MEASURESMRETROF1T) 


Purchase  kit  for  flue  gas  analysis  if  frequent 
testing  is  anticipated. 


"0  35 
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ENERGY  AUDIT  CHECKLIST 


HEATING 


CONDITION 

□  □ 


/  "  :  

H-12    Evidence  indicates  faulty  or  inefficient 
„  boilers  or  furnaces^' 


3 
C. 


SUGGESTED  O&M  OPTIONS 


•  Remove"  scale  deposits,  accumulation  of  sediment, 
and  boiler  compounds  on  wa^ersiSe  surfaces.  Examine 
and  treat  rear  portion  of  boiler  (the  area  most 
susceptible  to.  sca-Je  formation). 

»  Remove  soot  from  tubes. 

C     ^  %  • 

^Observe  the  fire  when~the  unit  shuts  down.    If  the 
fire  does  not  cut  off  immediately,  it  could  indicate 
a^ faulty  solenoid  valve.    Repair  or  replace  as  nec- 
essary. * 

»  Inspect  all  boiler  insulation,  refractory,  brickwork,' 
and  -boiler  casings  for  hot  spots  and  air  leaks.  Re- 

•  pair,  and  seal  as  necessary. 


completeo 


SUGGESTED  ENERGY  MEASURES:  (RETROFIT) 


•*  Replace  dangerous  or  ineffective  units  with  more 
efficient  modular  type  units."  (Note:    Do  not 
install  oversi'ze  unit.) 

If  applicable,  install  baffle-type  devices  in  the 
tubes  to  improve  efficiency. 


ccnsio6*€o 
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ENERGY  AUDIT  CHECKLIST 


HEATING 


CONDITION 


□  .□ 


H-13   Air  is  humidified, 


SUGGESTED  O&M  OPTIONS 


Discontinue  or  reduce  humidi  f icati'on  where 
possible. 


v. 


OAT*  NlTIALS 


SUGGESTED  ENERGY  MEASURES:  (RETROFIT) 


r 


None  Pradtical 


••  \ 
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ENERGY  AUDIT  CHECKLIST 


HEATING 


CONDITION 


r 


,  2 


H-14    Burner  short-cycles. 


SUGGESTED  O&M  OPTIONS 


Hot  water  temperature  limit  switch  may  be  set,  too 
low.    Reset  as  required, 

Thermostat  may  be  faulty.    Replace  if  necessary. 


OATE 


SUGGESTED  ENERGY  MEASURES:  (RETROFIT) 
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ENERGY  AUDIT  CHECKLIST 


'HEADING 


CONDITION 

□  □ 


H-15   Combustion  air  to  boi ler/ furnace  is 
not  preheated.. 


SUGGESTED  o/m  OPT10NS^^\^ 

4. 

.1 

'1 

i 

t 

O 

*>> 

0AT'V  i  n  t  t  »  a  lS  na 
COMPuSTSO 


4ft 


4  i& 


SUGGESTED  ENERGY  MEASURES:  (RETROFIT)  » 


36 


. :* Utilize  heat  fnom  flue  gas  to  preheat  combustion 
•  '  air  by  means^  cm  a  heat, recovery  device. 


-  \ 
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ENERGY  AUDIT  CHECKLIST 


CONDITION  y*"" 


HEATING 


H-16^ot  water  radiation  units  fail  .to 
operate. 


SUGGESTED  O&M  OPTIONS 


Radiators  are  air-locked.  Open  air  vents  and 
bleed  off" air  until  water"  appears. 


Bleed  off  water  in  pneumatic  air  lines  if  necessary. 
(Pneumatic  lines  may  be  frozen.)  Check  for  air  / 
leaks. 

Repair  faulty  valves* 

Repair  or  replace  faulty  thermostats. 

Hot  water  pump  or  booster  pump  may  not  be  function-  , 
ing.    Repair  or  is^place  as  necessary; 


OATE  ,N|T1AUS 


\ 


SUGGESTED  ENERGY  MEASURES:  '(RETROFIT) 


CONSIOEREO 


J 
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ENERGY  AUDIT  CHECKLIST. 


HEATING 


T. 


CONDITION  •  >»" 

H-l 7    Radiators,  convectors,  baseboards,- 
and  finned-tube  heaters  are  not^ 
providing  sufficient  heat. 


□  □ 


1 


,  SUGGESTED  O&M  OPTIONS 


r 


•  FcHT^^emperet^e-^  Correct  as 
necessary/  f                               ~     ~  — 

•  Bleed  air  from  units. 
"•-Establish  a  systematic  cleaning  schedule. 

•  Remove  items .obstructing  discharge  grilles. 

•  Bleed  off  water  in  pneumatic  air  lines  if  necessacy. 
(Pneumatic  lines  may  be" frozen.)    Ch^ck,  for  air 
leaks.  .  *  - — 


1 


Repair  faul ty, valves. • 

Repair  or  replace 'faulty  thermostat's, 


Hot  water  pump  or  booster  pump  may  not  be  function- 
ing.   Repair  or  replace  as  necessary.- 


OATS  iMlTJALS  N 


f 


SUGGESTED  ENERGY  MEASURES:  (RETROFIT) 


None  Practical 


to  as 
cc^stoe^so 
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ENERGY  'AUDIT  CHECKLIST 


N, 


COOLING 


CONDITION 


C-l  .Space  temperature  is  higher  T5r  lower 
\ than (thermostat  setting. 


SUGGESTED  O&M  OPTIONS 


X 


•  Recalibrate  space  thermostat. 

f  Blow  out'  moisture,,  oil ,  and  dirt*  from  pneumatic 
lines  (for -pneumatic  control  system).  Glean 
contacts  oo.  electric  control  systems. 

•  Recalibrate  controllers.  •  v 

•  Verify  ife  control  valves  and  dampers  modulate 
properly,  especially  the  economizer  section  of 
the  system-. 

•  Limit  excessive  outdoor- air  intake  when  not 
operating  economizer  cycle.  s 


,    OATS  t  Nl  T  I  A  LS 

completes 


SUGGESTED  ENERGY  MEASURES:  (RETROFIT) 


J 


Si  A 


•  For  electric  control'  systems,,  install  preset  "solid 
state- -thermostats 'that  do  not  require  calibration. 
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ENERGY  AUDIT, CHECKLIST 


COOLING 


CONDITION 


□  o 


C-2   Chiller  is  operating  during  cold  weather 
to  provide  air  conditioning' 


SUGGESTED  O&M  OPTIONS  ■ 


OATS  .NlTIALS 
COMPLETED 


SUGGESTED  ENERGY  MEASURES:  (RETROFIT) 

 7*  :  \ 

•  Ptovide  a  water  interchange1" system  injecting  cooling 
tower  condenser  water  directly  into  the  system !s 
chil.led  water  circuits.    Except  for  pumping  and 
cool'ing  tower  fan  horsepower,  this  provides  free 
cooling.    Special  care  must  be  taken  in  treating 
a    and  filtering  condenser  water. 

If  "system  is  forced  air.,  using  DX  coils  and  air-  * 
cooled  condenser,  install  economizer  cycles$o 
obtain  free  cooling.  %  , 


TO  3E 
CONSiOE*€0 
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ENERGY  AUDIT,  CHECKLIST 


4 


COOLING 


CONDITION 


r 


C-3-  Reheat  coils  are  used  to  maintain  zone 
temperatures \ 


SUGGESTED  O&M  OPTIONS 


None  Practical 


r 


4  •  Convert^to  variable  air  volume  system  if  the" 
reheat  coils  are  not  necessary  to  supply  heat 
during  the  heating  season,  . 


OATE  INITIALS     N  A 


.  SUGGESTED  E^RGY  MEASURES:  (RETROFIT) 


CONSIOEREO 
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ENERGY  AUDIT  CHECKLIST 


COOUNG 


CONDITION 


□  □ 


C-4    Multiple  air-conditioning  compressors 
start  at  thesame  time. 


I  V 


SUGGESTED  O&M  OPTIONS  * 


Adjust  electric, controls  to  -stage  compressor 
operation  properly.'  \ 


3ATE 
COMPL£T£0 . 


iNlTJAi.5     N  A  \         m  + 


SUGGESTED  ENERGY  MEASURES:  (RETROFIT) 

•  Should  automatic  controls  not  exist,  purchase  and 
install.    This  will  allow  compressor  #2  tq  cut  in 
when  compressor  #1  can  $o  longer  satisfy  spe^e 
conditioning: load, 


CONSIDERED 


ERIC 
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ENERGY  AUDIT  CHECKLIST 


COOLING 


CONDITION 


□  □ 


r 


C-5   Building  utilizes  a  dual  duct  or 
multi-zone  system. 


SUGGESTED  O&M  OPTIONS 


*None  Practical 


OATE  NITIAuS 


•  SUGGESTED  ENERGY  MEASURES:  (RETROFIT) 

r—— — —  : — n 

•  Convert  dual  duct  or  multi-zone  systems  to  variable 
air  volume  if  building. has  a  separate  heating 
system.  \ 

* 

-  -  •  •  Install  controls  to  automatically  reset  hot  and  . 
cold  deck  temperatures: 


CONSICEPED 
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L 

'# 

ENERGY  AUDIT  CHECKLIST 

COOLING 

- 

j                     CONDITION  . 

1  •  □■□ 

i              %  » 

I  X 

f 

C-6    Insulation  on  tooling  line  pipes  and 
ducts  appears  inadequate. 

- 

• 

{ 

*i  Hi 
*  * 

5 

^/ 

• 

SUGGESTED  O&M  OPTIONS 

OA's           .NIT1AS.S     N  - 

L 
■ 

f 

•  Repair  or  replace  damaged  insulation. 

• 

: 

% 

*  r 

\ 

COMPLsTSO 

• 

f 

— 

if 

k  ■ 

1 

/ 

t 



'    SUGGESTED  ENERGY  MEASURES:  (RETROFIT) 

TO  36             N  A 

• 

f  T 

s —  *       ,  ^ 

•  Insulate  all 'delivery  lines  and  ducts  .in  accordance 
■>    with  recommended  R  valtfes.  \ 

• 

* 

i 

■ 

• 

ERIC 

* 
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ENERGY  AUDIT  CHECKLIST 


COOLING 


CONDITION 


□  □ 


C-7   Air-conditioning  load  trips  circuit 
*  breaker  on  extremely  warm  days. 


SUGGESTED  O&M  OPTIONS 


r 


Tighten  wire  lugs  if  loose. 
Replace  defective  circuit  breakers. 
Clean  condenser  on  ^h'r-cooled  systems. 


•  Clean  scale  buildup  in  condenser  on  water-cooled 
systems.  ' 


\ 


COMPLSTEO 


(NITIALS 


SUGGESTED  ENERGY  MEASURES:  (RETROFIT) 


Consider  installing  insulated  underground  storage 
tank  that  would-  allow  night  operation  of  chiller 
when  electrical  demand  is  low.    This  reservoir 
tank  would  be, a  source  of  supply  of  chilled  water, 
for  daytime  operation.    Chiller  would  not  be 
operated  during  the  day.. 


*C  36 
CCNSIO€R60 
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ENERGY  AUDIT  CHECKLIST 


COOLING 


CONDfltON" 


□  □ 


C-8*  Air  of  inadequate  volume  or  temperature  . 
is  being  discharged  through  grilles. 


SUGGESTED  O&M  OPTIONS 


Defrost  -evaporator  coil  rf  iced.  Determine  cause 
of  icing  and  correct.        .  ' 

Clean  evaporator  coil,  fins',  and  tubes. 

Clean  or  replace  air  filters. 

Fire  damper  may  be  closed.    Open  and  replace 
fusible  link  if  necessary. 


Balancing  damper  may  have  slipped  and  closed. 
Open  to  correct  position  and  .tighten  wing  nut., 

•  If  fan  is  rotating  backwards,  reverse-rotation 
by  reversing  electrical  contacts/ 

•  Clean  condenser  coil  an.d/or  watfer 'tower  nozzles. 


OATS  .MTlALS    N  A 

COMPITETEO 


SUGGESTED  ENERGY  MEASURES:  (RETROFIT), 


.Install  differencial  pressure-sensing  switches' 
to  ^Tariff  when  airflow  drops  significantly. 


ERLC 
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ENERGY  AUDIT  CHECKLIST 


COOLING 


CONDITION 


□  □ 


*7r 


C-9  Refrigeration  condensers  or  coils  are 
dirty,  clogged  and/or  not  functioning 
efficiently.*- 


SUGGESTED  O&M  OPTIONS 


r 


Determine  if  normal  operating  temperatures  and 
pressures  fyave  been  identified  and  if  all  gauges 
are  checked  frequently  to  ensure  design  conditions 
^are  being  met,. 

Increased  system  pressure  may  be  due  to  dirty 
condensers ,  -which  will  decrease  system* efficiency. 
High  discharge  temperatures  often  are  caused  by 
defective  or  broken  compressor  valves.  Repair 
or  adjust  as  required^ 


Inspect,  the  liquid  line  leaving  the  strainer.  If 
it  fe£ls  cooler  than  the  liquid  Tine  entering  the 
strainer,  it  fs  clogged.    It  is*  very  badly  clogged 
if  frost  or  sweat  is' visible  at  the  strainer  out- 
letj  C-lean  as  required. 

Clean  coils  and/or  ather  Elements  as  needed  on  a 
scheduted  basis.    Include  dehumidification  coils-. 


0  ATE 


SUGGESTED  ENERGY  MEASURES:  (RETROFIT) 


TO  36 

consios^sd 


ENERGY  AUDIT  CHECKLIST 


COOLING  * 


CONDITION 


□  □ 


r 


C-10   Chilred  water  piping,  valves,  and 
fittings  are  leaking. 


SUGGESTED  O&M  OPTIONS 


Repair  joint  or  piping  leaks. 
Repair  or  replace  valves. 


SUGGESTED  ENERGY  MEASURES:  (RETROFIT)  » 


r 


None  Practical. 


DATE  i  N ) T t  A  lS    N  t 

COMPLETED 


CONSIOE^EO 


ur 
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ENERGY  AUDIT  CHECKLIST 


COOLING  , 


CONDITION 


□  □ 


r 


C-11    Chiller  operation  is  .not  optimized. 
(Listen  for  short-cycling.) 


SUGQESTED  O&M  OPTIONS 


Raise  chilled  water  supply  temperature.  Note: 
This  is  especially  important  if  system  was  designed 
for  a  75°F  space  temperature  and  the  space  setting 
has  been  raised  to  78°F  far  energy  conservation 
purposes.  # 


Remove  scale  deposits  from  condensers. 
Check,  refrigerant  charge. 


°AT£  .NITIALS 
COMPL£T£0 


SUGGESTED  ENERGY  MEASURES-  (RETROFIT) 


Reduce  peak  loads  with  eleatric  load  limiters. 
(This  option-saves  money,-  but  not^energy.) 


CONS106360 
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ENERGY  AUDIT  CHECKLIST 


COOLING 


CONDITION 


□  □ 


C-12    Refrigeration  compressor  short-cycles. 


SUGGESTED  O&M  OPTIONS 


r 


••Refrigerant  charge  is  low  or  refrigerant  is  leaking. 
Find  and  repair  leak.    Recharge  system. 

^Repair  electrical  control  circuit  if  required. 

teset  high//low  pressure  control  differential  settings 
if  needed. 

Liquid  lini  solenoid  valve  may  be  leaking.  Repair 
or  replace/. 

Evaporation  coil  fifay  be  iced  up  or  dirty.  Defrost 
and  clean! 


If  frost  [is  detected  on  the  liquid  line  strainer, 
it  is  .clqggech    Clean  strainer. 


Cleari^corjdenser  coil 


OATS  .NITIALS 
IOMPU6TSO 


r7 

SUGGESTED 


(continued) 


ENERGY  MEASURES:  (RETROFIT) 


ERLC 
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ENERGY  AUDIT  CHECKLIST 

^ ,  •  COOLING 


9 

ERIC 


CONDITION  f 

□  □ 


^SO<*GESTED  OS^M  OPTIONS 


(continued) 

If  condenserXis  a  cooling  tower,  ascertain  if  spray 
nozzles  are  plugged.  Make  sure  water  flow  is  unob- 
structed.   Cleam  tower  of  leaves  and  debris. 

Remove  scale  deposits  from  shell/tubes  on  water 
condensers. 


Repair  suction  valves  in  compressor,  if  needed. 


DATS 
CO  MPLS"*  SO 


•ft" 


\ 


.    SUGGESTED  ENERGYj  I^EASURES:  \<RETR0F1T) 


TO  3E 
C0NSJO6R6O 
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ENERGY  AUDIT  CHECKLIST1 


COOLING 


CONDITION 

□  □ 

8 


C-13  Refrigeration  compressor  runs  % 
continually.^  (Direct  expansion 
systems- )     *  ^ 


SUGGESTED  O&M  OPTIONS^ 


Contacts  in  starter  circuits  of  controls  may  be 
fused.    Repair  and  replace  as  necessary. 

Bubbles  in  sight  glass  indicate' low  refrigerant 
£har^e.    Repair  leaks  and  recharge. 

Refrigerant  charge  may  be  too  high.  Check  dis- 
charge pressure  and  purge  excess. 

Compressor  valves  may  be-leaking.  Overhaul 
compressor.  • 


Liquid  line  solenoid  vatVe  may  be  stuck  #en. 
•Repair  or  replac£.       <  - 


OATE 

completeo 


tNlTIALS 


i 


'SUGGESTED  ENERGY  MEASURES:  (RETROFIT) 


Load  may  be  greater  than  design.  Consider  replacing 
with  chiller,  and  water-cooled  condenser  system. 


r 


TO  36  N  A 

CONSI06REO 
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ENERGY  AUDIT  CHECKLIST 


WATER 


CONDITION 


□  □ 


o 


W-l    Storage  tanks,  piping,  and  water  heaters 
"are  utilized  inefficiently.  * 


SUGGESTED  O&M  OPTIOHS 


•  Replace  damaged  or  missing  insulation. 

♦  Reduce  hot  water  temperature  to  1 05^° F  -^-i  1 5°F  where 
allowed  by  cade. 


OATS 
COMPLETED 


SUGGESTED  ENERGY  MEASURES:  (RETROFIT) 


>  Install  insulation  on  all  hot  w^terjines  and 
storage  -tanks.  ^ 

•  Install  a  small  domestic  hot  water  heater  to  main-^ 

in  desired  temperature  in  water  storage  tank. 
This  could'vel'iminate  the  need  for  operating  one  of  * 
the  large  space  heating  boilers  during  summer 
months.  *  * 

•  Install  decentralized  water  heating. 


TO  36  , 
CONSIOEflEO 
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ENERGY  AUDIT  CHECKLIST 


WATER 

9 


CONDITION 


t3  □ 


/r 


W-.2    Drips  or  leaks  are  evident  in  hot 
water  systems.  N 


8  \ 

SUGGESTED  O&M  OPTIONS 


Repair  all  leaks,  including  those  of  the  faucets 
and  pumps . 


SUGGESTED  ENERGY  MEASURES:  (RETROFIT^ 


r 


None  Practical 


3ATE  INITIALS 


CONSIOSASO 
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ENERGY  AUDIT  CHECKLIST 


WATER 


CONDITION 


□  □ 


W-3    Electric  water  heater  has  no  time 
restrictions  on  heating  cycle. 


SUGGESTED  O&tj/I  OPTIONS 


•  Utilize  "vacation  cycle"  on  water  heater  when  not 
needed  during  extended  periods.  (Note:  Complete 
deactivation  could  cause  leaks.) 


COMPLETED 


«NJ-IAUS  NA 


SUGGESTED  ENERGY  MEASURES'  (RETROFIT) 


Limit. the  duty  cycle  with  a  time  clock  or  other 
control  devices  to  avoid  adding  the  water  heating 
load  to  the  building  during  peak  electrical*  demand 
periods.    (Additional  hot  water  storage  capacity 
may  be  required, ) 


3  3£ 

. 1 0 £  RED 


ERLC 
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ENERGY  AUDIT  CHECKLIST 


CONDITION 


a  □ 


HATER  "  

.  ■    ■  ,«  i  

W-4   Devices  to  conserve  heated  water  have 
not  been  utilized  where  practical. 


SUGGESTED  O&M  OPTIONS 


None  Practical 


OA**  .NlTlALS 


SUGGESTED- ENERGY  MEASURES:  (RETROFIT) 


,  Install  mixing  valves. 

'Replace  standard  faucets  with  se^f-closing,  flow 
restrictor  types.    (Note:    Highly  mineralized 
water  or  water  containing  sediment* can  cause 
blockages.)  " 

Itistall  a  solar. water  heater  to  assist  in  meeting 
•building  hot  water  demand.  -This  will  reduce  sig- 
nificantlycoa s^ptioin  of  traditional  energy  fuels 
in^facili ties  that  are  Targe  users  of  hot  water. 


C3NSJ0SRED 


508 


'EA-WB/Page  91 


CONDITION.  SUMMARY 


ERIC 
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CONDITION  SUMMARY 

The  Condition  Summary  pages  are  keyed  to  the  Energy  Audit  Checklist 
(e.g.,  L-7  is- the  seventh  item  in  the  lighting  section  of  the  Checklist) . 
With  the  summary  pages,  quick  access  can  be  made  to  information  contained 
in  the*  completed  Checklist,    Also,'  the  sumipary  pages  are  a  standard  part 
of  the  NEjpergy  Audit  Report, 
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CONDITION  SUMMARY  PAGE  ' 

administration' 

□  A-l      Thermostats  on  heating/cooling  units  are  vulnerable  to  occupant  ^djustrcent.       t  . 

□  A-2      Thermostat  settings  have  not  been  adjusted  for  change  1n  seasons. 
QA-3      Unoccupied  or  little  used  areas  are  heated  or  cooled  unnecessarily. 

□  A-4      Off-hour  activities  are  scheduled. 

QA-5      Building  temperatures  are  not  adjusted  for  unoccupied  periods. 

Q  A-6      Heating/cooling  equipment  is  operating  in  lobbies,  corridors,  vestibules  and/or  other  public 
areas. 

Q  A-7      Heating/ cooling  equipment  is  started  before  occupants  arrive  and/or  is  operating  during  last 
hour  of  occupancy. 

QA-8      Use  of  equipment  associated  with  laundry  and  custodial  services  coincides  with  heavy  electri- 
cal demand  periods.  y 
QA-9      31  inds  and  curtains  are  not  used  to  help  insulate  the  building. 
QA-10     No  records  of  maintenance  for  motors  and  motor-driven  equipment  are  available. 
Q  A-l 1     Control  devices  are  not  inspected  on  a  regular  basis. 

□  A-12     Conditioned  air  or  heated  water  is  discarded. 

LIGHTING 

□  l-l      Incandescent  lamos  are  used  in  offices,  work  rooms,  hallways,  and  gymnasiums. 

QL-2      In  fixtures  where  fluorescent  lamps  have  been  removed,  the  ballasts  have  not  been  disconnected. 

Q  1-3      When  ourned  out  fluorescent  lamps  and/or  ballasts  have  been  replaced,  more  efficient  lights  - 
have  not  been  Installed. 

□  1-4      Lamos  and  fixtures  are  not  clean. 
01-5      Exterior  lighting  is  used. 

Q  1-6      Lights  are  on  in  unoccupied  areas. 

□  L-7t     Natural  lighting  is  not  qptlmized.  *  •  , 

□  1-3      Two  lamps  have  not  been  removed  from  four-lamp  fixtures  where  possible. 

V 

BUILDING  ENVELOPE 

Q3-1      -Improper  alignment  and  operation  of  windows  and  doors  allows  excessive  infiltration. 

□  B-2      CeiUng/roof  Insulation  is  Inadequate  or  has  been  water  damaged. 

□  8-3      Weather  stripping  and  caulking  around  windows,  doors,  conduits,  Piping,  exterior  joints,  or 

other  areas  of  infiltration  are  worn,  broken,  or  -nissing. 

□  B-4      Excessive  expanses  of  glass  exls^t  oo  exterior  wal Is. 

QB-5      There  1s  no  Insulation  between  conditioned  and  unconditioned  spaces. 

*  VENTILATION 

□  V-l      An  excessive  quantity  of  outdoor  air  is  used  to  ventilate  the  building. 

□  V-2      Outdoor  air  Intake  dampers  open  when  building  1s  unoccupied. 

□  V-3  Ventilation  systems  are  not  utilized  for  natural  cooling  capability.  . 

□  V-4  Exhaust  system  operation  1s  not  programmed. 

□  V-5  Return  outdoor  air  and  exhaust  dampers  are  not  sequencing  properly* 

Q  V-6  During  heating  season,  temoerature  of  airflow  to  space  feels  too  cold* 

□  V-7  Airflow  to  space  feels  unusually  low  or  1s  inconsistent  from  one  space  to  another.  , 
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HEATING 

□  ^-1      Multiple  boilers  or  heaters  fire  simultaneously. 

□  H-2      Stactc  temperature  appears  excessively  high  (greater  than  400°F  plus  roofr  temperature). 

□  R-3      Water  in  heating  system  is  heated  when  there  Is  no  need.  ; 

□  H-4      Soace  temperat-Jres  are  higher  or  lower  than  tneroostat  settings. 

□  h-5  .    Heating  system's  hot  water  temoerature  feels  excessively  hot  during^ perrods  of  mild  weather. 

□  H-6      Condensate  from  street  steam  is  being  discharged  to  sewer  drain.  *< 

□  h-7      Heating  pilot  lights  are  on  during  cooling  season. 

□  'h-8      Steam  radiators  or  other  steam  equipment  fail  to  heat,  or  operate  erratically. 

□  H*9      Steam,  condensate,  and  heating  water  piping  insulation  are  in  disrepair^ or  missing. 

□  H-10     Operation  of  oil  burner  is  accompanied  by  excessive  smoke  and  sooting. 

□  H-H     Soot  and  odors  are  detected  in  areas  wnere  they  are  not, expected. 
2  Evidence  *ndicates  faulty  or  inefficient  boiTers  or  furnaces. 

□  rf-13     Air  is  numioified. 

□  H-14     3umer  short-cycles. 

□  H.I5   Combustion  air  to  boi ler/ furnace  is  not  preneated. 

□  H.16    .Hot  water  radlation'units  fail  to  operate. 

□  H-17     Radiators,  convectors,  baseboards-,  ana  finnea-tube  neaters  are  not  providing  sufficient  neat 

COOUNG 

□  CO      Space  temperature  is  hSgher  or  lower  than  thermostat  setting. 

Q  C-2      Chiller  1s  operating  during  cold  weather  to  provide  air  conditioning. 

□  *C-3  n  Reheat  coils  are  used  to  maintain  zone  temperatures. 

□  C-4      Multiple*  air-conditioning  compressors  start  at  the  same  time. 
Building  uti  1 1  zesM-  dual  duct-.gr  multi-zone  system. 
Insulation  on  cooling  Tine  pipes  and  ducts  aooears  inadequate.  . 
Air.cond1t1on1ng  load  trfps  circuit  breaker  on  extremely  warm  days.  \j 


□  C-5 

□  C-6 

□  C-7 

□  C-3 

□  C-9 

□  C-1G 

□  C-11 

□  C-12 
C-13 

□  H-J 

□  W-2 

□  W-3 

□  W-4 


A1r  of  Inadequate  volume  or  temoerature  is  being  discharged  through  grilles. 
Refrigeration  condensers  or  coils  are  dirty,  clogged  and/or  not  functioning  efficiently. 
Chilled  water  piping,  valves,  and  fittings  are  leaking. 
Chiller  operation  1s  not  opt1m1zed.\  (Listen  for  snort -eye ling.) 
Refrigeration  compressor  short-cycles.  —  _ 

Refrigeration  compressor  runs  continually.    (Direct  expansion  systems.} 

WATER 

Stdrage  tanks,  piping,  and  water  heaters  are  utilized  inefficiently. 

Orios  or  leaks  are  evident  1n  hot  water  systems.     ,  i 

Electric  water  heater  has  no  time  restrictions  on  heating  cycle. 

Devices  to  conserve  heated  water  have  not  been  utilized  where  practical. 
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.EVALUATION  OF  POTENTIAL  FOR  ENERGY  CONSERVATION  MEASURES 

".This  evaluation  is  patterned  On  the. 1976  ASHRAE  Systems  Handbook, 
^Chapter  1,  and- the  Energy  Au<|it  Procedures- publ-is^ed-by-the'  Ohio  Board— 
of  Regents  in  June  1978.  . 

A  Relative  Importance  Factor  (RIF)  ranging  from  .15  to  35  is  assigned 
to  each'of  the  five  items  listed.    Within  each,*  conditions  are  described 
and  a  Weighting  Factor  (WF)  assigned  to  each  condition/  The  evaluation, 
of  the  building's  potential  for  energy  conservation  measures  is  based  on 
the  sum  of  the  products  of  the  RJFs  -and  WFs,    The  higher  this  value,  the 
greater  the  potential  for  energy  savings.  k 

*  Since  energy  audits  are 4 intended  to  make  relative  comparisons,  it  is 
essential  that  conformity* be.maintained.    Therefore,  ne.ither  the  RIF  nor 
the  WF  are  to  be  altered.    Determine  the  Weighting  Factor  as  follows: 
~a.     Building  Envelope  (RIF:15)      1  . 

Percentage  of  glass  area  can  be  estimated  by  dividing  the  glass 
area  in  a  typical  tfalTby  the  total  wall  area,  or  by  dividing 
the  value  in  the  Energy  Inventory  Part  2.C  by  Part  C.3.  Largs, 
or  low  infiltration  can  be, determined  by  noting  fit-up  of  out- 
side doors  and  winqjows  in  thqir  frames,    Tigflt-fi tting  doors 
and  windows  denote  low  infiltration, -and  lobse  fit-up  denotes 
high  infiltration. 


WF 

Buildings, over  40%-glass  and  large  ,  ■ 

infiltration               .  1.0 

Buildings  over  40%  glass  0.9 

Buildings  with  large  infiltration  0.8 

Buildings  under  40%  glass  0.7 

Buildings  with  low:infil tration  0.6 

Building*  under  15*  glass  0.5 
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b.     Lighting  (RIF:15) 

Ta  determine  power  usage  for  fighting  in  watts/ft2,  add  the 
wattage  of  all^  lamps  in  the  building  and  divide  by  the  gross 
floor  area  of  the  .'building,  as  in- Energy  Inventory ,  Part  E, 
v   Section  a, 3, 

'         -  .    *  WF 


Lighting  over  3  W/ft2  >                     %  1.0 

*      Lighting  2  to  3  W/ft2  0,9 

Lighting  1  to  2  W/ft2;        ^                 .  -  0,8 

Lighting  reduced  by  changes  in -switching  *0,7 

Lighting  that  cannot  be  reduced         ,  0.6 

c,     HVAC. System  Type  (RIF:£5) 


Check  the  type  of  HVAC  system  found  in  the  building. •  If 
knowledge  of  the  system  is* not  available,  obtain  the  informa- 
tion from  the  mechanical  engineer,  blueprints,  specifications, 

nameplates,  the  local  HVAC  contractor,  or  refer  to  HVAC  Systems 

.  ft 
Technical  Materials  and  References, 


Reheat  or  dual  duct              V  1 ,0 

Multi-zone  or  induction  units      *  0,9 

Rooftop  units,  wajl  units,  or  unit  * 

ventilators  ,  0,8 

Fan  coil,  VAV,  or  heat  and  vent  system  0,7 

Radiation,  unit  heaters  (no  fan  systems)  0.6 

d.     Outside %Air  (RIF:20) 


Check  the  ventilation  system  for  outside  air  percentage.  If 
knowledge  of  the  system  i§  not  available,  obtain  tte  informal 
tion  from  the  mechanical  engineer,  blueprints, tespeci fications, * 
nameplates,  the  local  HVAC  contractor,  orVefer  to  Energy 
Inventory,  Part  E,  Section  b7 
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76  to  100%  outside  air 
50  to  75%  outside  air 
25  to  50%  outside  air 
10- to  35%  outvie  air 
Infiltration, \ki let  exhausts  on^y 


WF 

i-o; 

0.9 

-0.-8- 


0,7 
0,6 


Fan  Energy  {RIF:15)  \ 
To  determine  square  feet  per  fan  horsepower  (hp),  divide 
building  gross  floor  area  by  total  hp-  of  all  MAC  and  venti- 
lating'fans  in  the  building.    Hp  rating  can  be  found  on  name- 
plates  of  pumps  and  motors  in  the  air-handling  systems,  or 
refer  to  the  Energy  Inventory,  Part  E,  Section  b. 

A  -  • 

»ft2/fan  hp         -  1.0 


Under 


200-600  ft2/fan  hp 
600-1 000\ ft2/ fan  hp 
1000-1500  ft2/fan  hp 
1500-200oW2/fan  hp 
Over  2000  ft2/fan  hp 

Complete  the  following  table  to  determine  tjie  energy  conservation 
measure  potential  trraex: 

•  "RIF 


0.9 
0.8 
0.7 
0.6 
0.5 


WF 


EVALUATION 


a.    Building  Envelope  -  %  Glass 
and  Infiltration 

15* 

/ 

b.    Lighting  Levels  .  • 

15 

c.    HVAC  System  Type 

35 

d.    Ratio  Outside  Air 

20 

0 

e;   Fan  Energy 

15 

Energy  conservation  measure  potential  index: 

Kg 


0 
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EVALUATION  OF  POTENT  I  ATf9^0LAR  AND  RENEWABLE  RESOURCE  MEASURES 

This  evaluation  is  to  be  completed  in  the  same  manner  as  the  energy 
conservation  measures  evaluation  in^tRe  'previous  section. 

a.   .  Available  insolation  (R'IF:30)  * 

Available  insolation  is  a  function  of  geographic  location  and 
site  characteristics..   Determine  average  annual  horizontal 
insolation  on"a  horizontal  surface  from  Jnformat ion  provided 
by  the  State  or  from  the  Nationa.l  Weather  Service  data^  for 
the  location.    Observe  whether  the  building  is  shaded  oraun- 
shaded.    (A-  building  whose  roof  and  south-facing  wall  are 
approximately  more  than  half-shaded  for  more  than  approximately 
four  hours' per  day  should  be  considered  "shaded."')    If  the 
building  is  shaded,  note  whether  there  is,  open,  unshaded  land 
available  adjacent  >to  the  bflilding  site. 

*  WF 
Unshaded  and  130p  Btu/ft2  or  more     ,      „  1.0' 
Unshaded,  less  than  1300  Btu/ft2 v       ,  0.5" 
■     Open  land  and  1300  Btu/ft2  or  more  1.0  ; 

*  Open  land,  less,' than  1300  Btu/ft 2  1    0.5  • 

.  •      Shaded,  1300  Btu/ft2  or  more  *  ♦  0.2' 

'   »      Sha'ded,  less  >than  1300  Btu/ft2  '  ,0.1 

S  s  b.     Fuel_Used  (RI&20)*  '  '  •  ' 

Note""  the  fuelTosed  for  space  heating,  air  conditioning,  and 
water  heating! 

/  w£ 

•      .      All  ele.ctric/  -  1.0 

Oil  or  gas  heat,'  otherwise  electric  0-.8 

'    -       Coal  heat,  otherwise  electric  ,  0.4 

■    Oil  or  gasjieat,  hot-wat-er —   0.4 — 

Coal  heat,  hot  water  °  .0.2 
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c.  Building  Characteristics  ( RIF : 1 0) 

Refer  to  the  Energy  Inventory  fern  the  description  of  building 

X  ... 

•  size  and  shape  and  the  location  of  heating,^  air1  conditioning,  - 
and  water 'heating" equipment.    A  "favorable"  building  is  one 
that  is  compact  (i.e.,  square  or  rectangular)    in  which  the 
equipment  is  in  one  location  on  the  roof  or  adjacent  to  the 
south-facing  wall.    A  building  that  is  "fair"  would  be  other 
than  compact  (i.e.,  E-shaped,  L-shaped,  etc.), .in  which  the 
equipment^  in  pne'location  on  the  roof  or  adjacent  to  the 
south-facing  wall;  or  a  building  that  is  compact,  but  in  which 
the  equipment  is  within  five  floors  of  the  roof  or  50  fe£t  of 
the  south-facing  wall.    A  building  that  is  not  compact,  in 
which  the  equipment  is  located  beyond  five  floors  of  the  tfoof 
and  50  feet  of  -the  south-facing  wall,  is  to  be  characterized 
as  "moderate,"    A  highly  irregular, building',  or  one  in  which 
equipment  is  in  scattered  locations  -  most  of  which  are  more 

 than  five  floors  from  the  roof  or  50  feet  from  the  so u th - facing 

wall  -  is  characterized  as  "poor."  1 

■  WF 

Favorable     *  1.0 

»  * 

Fair     .*  *  "  .0.8 

"Moderate*  *  *  /  0.5. 

Poor  '  •  .        *    •  '  ■  0.2 

d.  Roof  Characteristics "•(RIF>10) 

Refer  to  the  Energy  Inventory. for 'the  description  df  roof 
pitch,  materials^  structural  materials,  and  obstructions.  J 
Characterize  the  building  as  "favorable"  if  the  roof*  is  flat 
or  pitched  nearly  to  the  South; yif  the  roofing  is  built-up, 
shingled^,  or  otherwis'e.sufficientlyodur^ble  to  withstand* 
mounting  and  maintaining  solar,  collectors;  'orljif  the  structural 
members  are'strfcng  enough  .to  support  additiona\  weight  afid-the- 
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roof  area  is  free  of  obstructions.    A  "fair"  rating  would  be 
,given  a  building  meeting  the  above  conditions,  except  that 
the  roof  pitch  is  only  approximately  in  the  direction  of 
south  or  there  are  roof  obstructions.    Describe  a  building 
as  "mpderate"  if  the  roof  pitch  is*  on?y  approximately  toward 
the  south  and  there  are  roof  obstructions.    A  buildirfg  that 
meets  none  of  these  conditions  is  characterized  as  "poor." 

t 

WF 

Favorable  .        *     ••  1 .0 

Fair  °-8  , 

Moderate  .  0-5 
Poor  .  0,2 

Wall  Characterises  (RIF:20) 

Determine"  the  glass  area  of  the  south-facing  walls  asa  per- 
centage of  the  total  wall  area,  noting  .the  construction 
TiiaWrTa"lT~OT'T^f5T-to,  Energjrinventory,  Part  F.5. 

j  Wf_ 

Over  75%  glass;  masonry     *.  1.0 

Over  75%  glass;  aluminum  or  metal  0.7 

Over  75%  glass;  wood  or  other  ^  '  0^ 

25%  -  75%  glass;  masonry      ,  0.7 

25%  -  75%  glass;  aluminum  or  metal  0.6 

25%  -  75%  glass;  wood  .or  other  0.4 

Under  ,25%  glass;  masonry  -  k  .  0.5* 

Under  25%  glass;  aluminum  or  metal  0.3 

Under  25%  glass;  wood  Or  other  .  0.2  * 

Wind  Speed  (RIF: 30) '  "  .(  '  - 

Determine  average  monthly  wind  speed  using  data  supplied  by 
the  State,  obta-tned  from  the  National  Weather  Service,  or 
local  records.  'Note  Whether  there  are  natural  or  man-made 
barriers  in  the' direction  of  the  prevailing  wfnds. 
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WF 

Greater  than  15  mph,  no  barriers  .  1.0 
Between  10-15  mph,  no  barriers  *  0.5 
Greater  than  15  mph,  some  obstructions  0.7 
Between  10-15' mph,  some  obstructions  .  0.3 

Less- than  fb  mph  .   *  k  0.2 


Complete  the  following  table  to  determine  the  solar  and  renewabl 
'resources  potential  index:  *  x 

RIF    x    WF     =  EVALUATION 


a.  *  Insolation  Available* 

30*- 

b.    Fuel  Used     „  ' 

20 

B  1 

c.    Building  Characteristics 

10 

d.,  Roof  Characteristics 

10^ 

e.    Wall  Characteristics 

20 

f.    Wind  Speed 

30 

* 

Solar  and  renewable  resource  measure  poten- 
 -  tial  index: — 
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POTENTIAL  ENERGY  SAVING  CALCULATIONS 

This  section  presents  standard  preliminary  calculations  and  calcu- 
lations 'used  by  the  energy  auditor.    These  calculations  are  keyed  to  the 
Energy  Audit  Checklist;  however,  some  calculations  are  not  presented 
because  operation  and  maintenance  procedures  and/or  energy  measures 
are  impractical  or  impossible  for  the  stated  condition. 

.•It  must  be  emphasized  that^any  energy  calculation  that  treats 
building  systems  independently  cannot  give  precise  results.    The  sim- 
plified models  provided  here  allow  a  reasonable-  estimation  of  energy 
savings.  "  In  several  cases,  it  is  not  possible  to  isolate  the  savings 
due  to  a  single  operation  and  maintenance  (O&M)  procedure.    It  is  prac-*. 
tical,  however,  to  combine  several, similar  O&Ms  and  assign  a  percent  . 
system  savings.    This  has  been  done  for  appropriate  options. 

In,  preparing  to  compute  potential  energy  savings  for  each  appli- 
^FTe~^To1rr(or  group  of  options),  the  auditor  should  note  an,d  record 
necessary  information  by  checking  the  "required  information"  corner  of- 
the  box.    In  most  cases,  this  information  has  already  been  supplied  in 
the  Energy  Inventory.    The  auditor  simply  needs  to  re- record  it. 

When  all -required  data  has  been  recorded,  the  auditor  should  pro- 
ceed in  the  sequence  indicated,  Finally,  results  should  be  recorded  - 
in  the  blank  labeled  "Estimated  Energy  Saved." 

PRELIMINARY  CALCULATIONS  -    :    •  ^  . 

Since  many  of  the  calculations  require  knowledge  of  energy  consump- 
tion for  heating  and  cooling,  and  since  it  usually  is  not  possible  to 
isolate  these  factors  from  a'  utilitybill,  it  wilT  be  necessary  for  the 
auditor  to  complete  two  preliminary  calculations.    These  calculations 
will  provide  reasonable  values  to  be  used  repeatedly  in  estimating 
energy  savings' for  heating  and  codling  options  listed  in  t'he  Energy 
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Audit  Checklist.    They  need  to  be  completed  only  once.    If  a  building 
does  not  utilize  ajr  conditioning,  it  is  not  necessary  to  complete  the 
cooling  load  calculation.    (All  tables  and  figures  used  In'the  calcula- 
tions appear  together,  for  convenience,  in  the  Calculation  Reference 
iMaterial  section  at  the  end  of  the  Workbook.)  v_  ^ 


O&M/ENERGY  MEASURES 

,   .    The  computational  procedures  in  this  section  are  simplified  methods 
of  calculating  energy  savings.    They  are  not  intended  to  be  ^as  accurate 
as  -  on  replace  -  a  professional  engineering  audit.    Therefore,  savings 
results  are  only  approximate  and  meant  to  help  in  identifying  high 
priority  ejiergy  conservation  options.    These  savings  figures  cannot  be 
guaranteed. 

Also,  the  estimated  sa-v44igs-^af--vap4-ous- options- cannot -be-added  

together  to  arrive  at  an  overall  energy  Savings  value  since  the  building 
systems  interact  and  the  options  themselves  overlap. 

If  an  estimated  annual  dollar  savings  is  desired  for  a  given  option 

for  which  a  calculation  is  provided,  simply  multiply  the  annual  Btu 

savings  by  the  dollar  value  per  Btu  of  the  appropriate  fuel  type.  These 

cost  figures  can  be  obtained  by  calling  the  suppliers.    Again,  it  must 

be  emphasized  that  individual  dollar  savings  cannot  be  added  to  reflect 
*  « 

an  overall  savings. 


r 
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ENERGY  CONSUMPTION  FOR  HEATING 
Required  Information: 

A;    Total  Area  of  Exterior  Glass" 

(from  Energy  Inventory,  Part  C.2)   sq.  ft. 

B.  •  Total  Area  of  Exterior  Walls 

Excluding  Glassed  Areas  (from 
.    Energy  Irtventory,  Part  C.3)    sq.  ft. 

C.  Total  Area  of  Roof  Excluding  . 
Skylights  (from  Energy  Inventory, 

Pact  C. 4)  '  >    sq.  ft. 

D.  Heat  Transmission  Coefficient  for 
Walls  (Select  U  value  of  wall  type 

most  closely  resembling  the  build-  , 

in'g's  wall  composition  fronr  Table  1)       ■  /   '  Btu/ft2/hr/°F 

E.  Heat  Transmission  Coefficient  for  - 
Glass  (Select  U  value  of  window  * 
type  most  closely  resembling  the 

building's  windows  from  Table  2)        .  ;  Btu/ft2/hr/°F 

.  -  r  ;        —  — 

F.  Heat  Transmission  Coefficient  for  < 
Roof  (Select  U,  value  of. roof  type 

most  clos.ely  resembling  the  build-  '20 
i rig 1  s  roof  composition  from  Table  3)   Btu/ft  /hr/°F 

G.  Volume  of  Air  Delivered  by  Supply 
Fans  (from  Energy .Inventory,  Part 

E,,  Section  b)  *  '  Total  cfm 

-  « 

H:    Estimated  Percentage  of  Outside 
Ventilation  Air  (from  Energy 

Inventory,  Part  E,  Section  b)  .   %  . 

I.    Outside  Design  Temperature  (from  .    ,  v 

Energy  Inventory,  Part  B.2)         ,  1  °F 

J.    Average  Indoor  Temperature, .Winter 

*-  -(from -Energy-Inventory-^  Part  6.2)      -   °F 

L    Number/of  Days  in  Heating  Season 

(from  lable  4;  if  city  is  not 

•listed,  select  data  from  nearest  „  . 

* "  city)  *  >  •   days 

M«    Average  Outside  Temperature  for 

Heating  Season  (from  Table  4;  use  J  ' 

data  listed  for  city  selected  in  » 

Item  L)  -   °F 
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Procedures:,  . 

1.  -  Compute  heat  transmi ssi on.  factor  (HTF)  for  walls:  * 

 x  =   _  Btu/hr/°F 

D  B  "~  -  •  ' 

2.  Compute  HTF  for.  glass: 

'_  x   =   Btu/hr/°F 

E  A         _  — 

3.  Compute  HTF  for  roof: 

 x   =   Btu/hr/°F 

F  C 

4.  Compute  HTF  for  ventilation  air: 

1 .08  x-  x   r  100  =   Btu/hr/°F  '  ; 

G  H  -    t  * 

5.  Find  total  HTF:  " 
(Add  results  of  Steps  1-4)   Btu/hr/?F 

6.  Find  total  design  heat  load:  '  * 

x  =  Btu/hr 

M  K  (0) 

7.  Determine  seasonal  heating  load:  ^ 

 x  24  x,£         x  (   -   )  t   =   Btu/yr  ' 

~~ : L  (0)  J—  M  K  > 

*  "        t      '  ' 

_  -        -  '  =   ^Btu/yr 

Estimated  Seasonal  Heating  Load  — ~ 

_  / 

•  /• 


Page  108/EA-WB 


527 


ENERGY  CONSUMPTION  FOR  COOLING 
Required  Information* 

A.  Gross  Floor  Area  (from  Energy  * 
Inventory,  Part-C.l)        ^   sc1-  ft- 

B.  Square  Feet  Per  Ton  of  Air  Con- 

.  #  ditioning  (from  Table'5;  select  ^  ... 

the  value  corresponding  tp  the  * 

building  type  most  closely*?^  *    JjL  * 

sembling  the' institution),  _5   •  ftippn* 

C.  Approximate  Power  Input  (from 
Table  6;  select  value  corres- 
ponding to  air-conditioning 

system  found*  in  the  building)      ^ ,   total  kW/design  ton 

D'  -  Estimated  Hours  of  Cooling 
(front  Table  7;  select  value 
corresponding  to  the  city,  or 

nearest  city)  .  „    '  cooling  hours 


Procedures:   s  * 

1.    Detentions-  amount  of  air  conditioning: 

-  r  .   V  «        tons  £ 

'~~ A~     ■  B  1  \ 

2-    Compute 'design  cooTing*1oaa:  v 
x  12,000  ='  /Btu/hr 

3.  *  Determine  power  requirement^      .  *sj£* 

x  =♦  *kW>  * 

^TET~    — C~  16T- 

4.  Compute  annual  electric, energy  consumption  for  cooling; 
 x  =    '       kWh/yr  %  , 

~W~  ^   d    t  "THJT4-  •  ■  ♦ 

5.  Determine  seasonal  coolir\g  load:  4 
k  3,413  =  Btu/yr  .*   '  ^ 


'  >  ,  * 

 2  •_  Btu/yr 

Estimated  Seasonal  Cooling  Load. 
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REQUIRED  INFORMATION:  Unauthorized  Thermostat  Adjustment: 

A.    Total  HTF  factor  (from  "Energy  Consumption  for  Heating,"  Step  5) 
 Btu/hr/°F 


B.  Number  of  weeks  in  heating  season  (from  Table  4) 

C.  plumber  of  weeks  in  cooling  season  (from  Table  8)' 


wks/yr 
wks/yr 


D.  Estimated  hours  per  week  of  unauthorized  setting  of  thermostat 
during  heating  season   hrs/wk*<^ 

E.  Estimated  hours  per  week  of  unauthorized  setting  of  thermostat 
during  cooling  Season   hrs/wk 

F.  New  thermostat  setting  for  heating  season    °F 

6. 
H. 


Unauthorized  thermostat  setting  for  heating  season  _ 

New' thermostat  setting,  for  cooling  season    °F 

I.  'Unauthorized  thermostat  setting  for  cooling  season  _ 

PROCEDURES: 


or  ^ 


1.  *  Compute*1  heating  energy  savings: 


or-~~n 


D 


B 


Compute  cooling  energy  savings 

/ 

X  X  X  * 


A   ,     (H  -  I)     .    E  C 
Total  heating  and  cooling  savings: 


w 
w 


Btu/yr 

Btu/yr 
+   * 


(Est.  Energy  Saved) 


Btu/yr 


Btus 


ENERGY  MEASURES:  (RETROFIT) 


f  REQUIRED  INFORMATION:     Implementation  of  suggested  energy  measures^ 
will  result  in  approximately  the  same  amount  of  savings  as  suggested 
O&M  options.    Record  savings  computed  above  in  blank  below. 

 Btus 

(Est.  Energy  SavQd)  ^ 
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POTENTIAL  ENERGY  SAVlWrtftLCULATlONS'  *  A-2 


O&M 


f  REQUIRED  INFORMATION:  Thermostat  Adjustments: 

A.  Total  HTF  factor  (from  "Energy  Consumption  for  Heating,"  Step  5) 
  Btu/hr/?F 

B.  Number  of  weeks  in  heating  season  (from  Table  4)   wks/yr 

C.  Number  of  weeks  in  cooling  season  (from  Table  8)  wks/yr 


D. 
E. 
F. 

tr;: 


Hours  per  week  heating  system  has  operated  at  higher  setting 
(estimated)   hrs/wk 


Hours  per  week  cooling  system  has  operated-  at  lower  setting 
(estimated)   hrs/wk  • 

  °F 


Unadjusted  thermostat  setting  for  heating  season 
■Ufratfjtis-tB^^ermostat-^etti-ng-far  cooling  season 


PROCEDURES: 


1.    Compute  heating  energy  savings: 


x     ,  x 
(F  -  68) 


W 


Btu/yr 


2.    Compute  cooling  energy  savings: 

»  x 


X    X 

(78-t-g) 


A '       (  78  -  G)         E    ~  C 
3.-  Total  heating  and  cooling  savings: 


UT 


W 


Btu/yr 


Btu/yr 


Btus 


(Est.  Energy  Savings) 


ENERGY  MEASURES:  (RETROFIT)- 


f  REQUIRED  INFORMATION:  Implementation  of  suggested  energy  measure, 
will  result -in  approximately  the  same  amount 'of  savings  as  suggested 
O&M  options.    Record  savings  .computed  above  ..in  blank  below.  ~~  - — - 

 Btus 

*       ,*(Est.  Energy' Savings)  _^ 


9 
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POTENTIAL  ENERGY  SAV>NG  CALCULATIONS   '  A-3 


O&M 


8> 


REQUIRED  INFORMATION:    Conditioning  of  Unoccupied  Spaces: 

A.  Total  HTF  factor  (from  "Energy  Consumption  for  Heating,  Step  5) 
 Btu/hr/°F 

B.  Number  of  weeks  in  heatfng  season  (from  Table  4)   wks/yr  . 

C.  Average. winter  indoor  temperature~(from  Energy  Inventory,  Part  B.2) 
 °F 

D.  Gfoss  floor  area  of  building  (from  Energy  Inventory,  Part  C..1)  a 
  sq.  ft.  - 

E.  Gross  floor  area  of  unoccupied  space  (estimated)    sq.  ft. 

F.  Annual  Btti  consumption  for  cooling  season  (from  "Energy  Consumption 
/or  Cooling,  Step  5)   ^  Btu/yr 


6r  New  set-back  temperature J for  heating-  season    °F 

H.    Hours  per  week  temperature  will  remain  at  new  set-back  point 
(estimated)   hrs/wk 

Sum  of  gross  wall  ,and  roof  areas  (from  Energy  Inventory,  Parts  C.3 
and  C.4)   sq*.  ft. 

4,  Sum  of  exterior-  wa  1  L^and  rxiof  area~s  enclosing-unoccupied  space  


(estimated)    sq.  ft.    (Note:    If  unoccupied  space  has  no 

exterior  wall  and  t-s  not  located' on  top  floor,  it  should  not 
require  heating.)  . 


PROCEDURES :  . 

1-.   'Compute  heating  energy  savings: 


x  x 
"A        (C  ■-  G)  H~ 


Btu/yr 


2.    Compute  cooling  energy  savings: 


Btu/yr 


(continued) 


ENERGY  MEASURES:  (RETROFIT) 


J. 


f  REQUIRED  INFORMATION:     Implementation  of  suggested  energy  measure 
will  result  in  approximately. -the  same  amount  of  savings  as  suggested 
O&M  options.-   Record,  savings  computed  above  in  blank  below. 

'  Btus 

(Est.  Energy  Saved) 
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POTENTIAL  ENERGY  SAVING  CALCULATION'S    '  A-.3 


9 


O&M 


r 


REQUIRED1NFORMATION.  (continued) 


3.    Total  heating  and  cooling  savings; 

+  =  r  Btu/yr 


(Est.  Energy  Saved) 


Btus 


ENERGY  MEASURES:  (RETROFITI 


9 
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POTENTIAL  ENERGY  SAVING  CALCULATIONS  A- 


O&M. 

 ■ — 1 — ;  '— n 


REQUIRED  INFORMATION:  .  /' 


Energy  Savings  Due  To  Circulation  of  Air/Water: 

A.  Total  horsepower  of  motors  to  be  shutdown  (estimated)    hp 

B.  Total  annual  hours  of  system  shut  down  (estimated)   hrs/yr 

C.  Assume  loading  factor  of  75%. 

PROCEDURES : 

L  pet ermine-electrical  energy  saving — 

x  2544  x   x  0.75  =   -Btu/yr 

Energy  Savings  Due  To  Cowered  ruel  Consumption: 

2.  Determine  heating  energy  savings: 

•  (Use  Step  1  in  Calculation  A-3)   Btu/yr 

3,  Compute  total  energy  savings: 

 +   ■=   3tu/yr 

TDT~    "JET  ,  , 


*-  Btus 


.(Est.  Energy  Saved) 


J 


ENERGY  MEASURES  (RETROFIT) 


r  REQUIRED  INFORTJIATION:  Implementation  of  suggested  energy  measure1 
will  result  in  approximately  the -same  amount  of  savings  as  suggested 
O&M  options.;    Record  savings  computed  above  in  blank  below. 

!■"•         »       «  ^_  Btus 

(Est.  Energy  Saved  J 
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POTENTIAL  ENERGY  SAVING  CALCULATIONS  A-5 


O&M 


r 


REQUIRED  INFORMATION: 

"Thermostat  Adjustment  During  Unoccupied  Periods: 


A.    Total  HTF  factor,  ('frpm  "Energy  Consumption  for  heating,  Step  5) 
 Btu/hr/°F 


B.    Number  of  weeks  in  heating  season  (from  Table  4) 


wks/yr  % 


C.    Number  6f  hours  per  week  building  is  unoccupied  (est-ima£e4|- 
 hrs/wk  * 

t>: — Temperature  set  back  Cur  unuitupied  periods  n? 


PROCEDURES:  . 

1.    Compute  heating  energy  savings: 

x        e    x  x 


Btu/yr 


A  B  C-,  D 

^  Air  Conditioning  System  Shut-Down: 

2.    Compute  electrical  (cooling)  energy  savings: 
(Use  Step  1  in  Calculation  A-4)   Btu/y'r 

).    Determine  total  energy  savings: 
+  =   Btu/yr 

Te]~  "TFT" 


(Est.  Energy  Saved) 


Btus 


J 


ENERGY  MEASURES:  (RETROFIT)    ' 

f  REQUIRED  INFORMATION:     Implementation  of  suggested  energy  measured 
will  result  in  approximately  the  same  amount' of  savings  as  suggested 
"  .O&M  options.    Record  savings  computed  above  in  blank  below. 

^  -     *"        ;_>  Btus 

*  *  (Est.  Energy  Saved)  ^ 
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POTENTIAL  ENERGY  SAVING  CALCULATIONS  A-7 


O&M 


REQUIRED  INFORMATION:  'Modifying. Heating/Cooling  Operation  Time: 


Seasonal 'yheating  -load  (from ^'Energy  Consumption  for  Heating," 
'    Step  7)    X      Btu/yr  •  ^  _ 

B.    Seasonal  cooling  load  (from  "Energy  Consumption-  for  Cooling," 
Step  5)   Btu/yr 

_,  days/yr 

'days/yr 


C.'  Number  of  days  in  heating  season  (from  Table  4) 


D.    Number  of  days  in  cooling  season  (from  Table  8) 


'PROCEDURES: 


1;    Compute  neating  season  in  hours: 


24  x 


.  hrs/yr 


2.    Find  heating  energy  savings: 

x 


w 


Btu/yr 


3.    Compute  cool ing  season  in  hour's: 


24  x 


hrs/yr 


4.    Find  cooling  energy  savings: 

-   x  T   = 


w 


Btu/yr 


B  0 

Compute  total  heating  and  cooling  savings: 
+  =       ->     Btu/yr     .  . 


-~TO 


(Est.  Energy  Saved) 


V 


* 


Btus 


ENERGY  MEASURES:  (RETROFIT) 


REQUIRED  INFORMATION:     Implementation  of  suggestfed^nergy  measure  N 
will  result  in  approximately  the  same  amount  of  savings  as  suggested 
O&M  option.    Record  savings  above  in  blank.belov^. 

•  •  •  k  Btus 


(Est.  Energy  Saved) 
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POTENTIAL  ENERGY  SAVING  CALCULATIONS 


4  * 


O&M 


REQUIRED  INFORMATION; 


ENERGY  MEASURES:  (RETROFIT) 


1 


REQUIRED  INFORMATION: 

WindowTnirlfr^^  Cooling  Energy  Savings: 


A.  Total  solar  radiation  on  a  south-facing  vertical  surface  (from 
Table  9)   Btu/ft2/yr^ 

B.  Total  solar  radiatioiw)n  an  east-facing  vertical  surface*  (from 
Table  9)     :  Btu/*/yf 

C.  Total  solar  radiation  on  a  west-facing  Vertical  surface  (from 
Table  9}   Btu/ft2/yr 

D.  Percent  possible  sunshine  (from  Table  10)    % 


E.  "Shading  coefficient' of  existing  window  (from  Table  11)  v 

F.  Shading  coefficient  of  new  glass  with  film  or  shading  device 
(from  Tabl£  11)    - 

,G.    Area  of  south-facing  glass  (from  Energy  Inventory,  Part  C.2) 
*   sq.  ft. 

H.  Area  of  east-facing  glass  (from  Energy  Inventory,  Part  C.2) 
  sq,  ft, 

I.  Area  of  west-facing  glass  (from  Energy  Inventory,  Part  C.2) 

  sq/  ft:     ~  ~  ~ 

J,    Number  of  weeks  in  normal  cooling  season  (from  Table*  8) 
  wks/yr 

PROCEDURES: 

1,    Find  difference  between  shading  coefficients: 


2,  t Determine  cooling  season  as'  fraction  of  year: 
r  52  » 


(continued) 


v. 


9 
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> 

POTENTIAL'  ENERGY  SAVING  CALCULATIONS  A-9 


O&M 


r  REQUIRED  INFORMATION: 


ENERGY  MEASURES:  (RETROFIT) 


f  'REQUIRED  INFORMATION:  (continued) 


3.    Determine. savings  on  south  wall:' 


X              *  X  '  x 

x  = 

Btu/yr 

D             A             G  (f  MK) 

a) 

(M) 

a. 

Determine  saving^  on  east  wall: 

X                  X             '  X 

x    '  = 

Btu/yr 

D             B  -          H        .  (K) 
* 

•(L) 

(N) 

5, 

Determine  savings  on  west'wall: 

,  '       "    x         *;    X  X 

X  3 

Btu/yr 

D             C             I     <  (K) 

'  (L) 

(0)' 

6. 

*  Determine  total  cooling  energy  savings: 
+  '          =    1  Btu/yr 

(M)          (HJ  (0) 

Btus 


(Est.  Energy  Saved) 


-Shadmg-Oe  vices :  Heating  J-r 


A..   Total  exterior  glass  area  (from  Energy  Inventory,  Part  C.2)  . 
  sq.  'ftv 

b'.    U  value  for-existing  glass  (from  Tabfe  2)  _J  Btu/hr/°F/ft2 

C.  Average  indoor  temperature  during  heating  season  (from  Energy 
Inventory,  Part  B.2)   °F 

D.  Averate  outside  temperature  during  heating  season  (from  Table  4) 
 °F 

E.  Number  of-weeks  in  normal  heating  season  (from  Table  4)   wks 

F.  Number  of  hours- per -week  heating  system  operates  (from  Energy 
Inventory,  Part  E,  Section  c.5;  add  hours)    hrs/wk  < 

G.  Assume  a  maximum  30%  savings. 


/X 


(continued) 


ERLC 
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POTENTIAL  ENERGY  SAVING  CALCULATIONS  A-9 


O&M 

 —  \ 


REQUIRED  INFORMATION: 


ENERGY-MEASURESMRETROFm 


f  REQUIRED  INFORMATION:  (continued) 


f 

PROCEDURE:  ' 


Compute  heating  energy  savings: 


x  0.30  =   '  Btu/yr 


~3        (C~^D)         E       -      F  (H) 


Btus 


(Est.  Energy  Saved) 
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POTENTIAL  ENERGY  SAVING  CALCULATIONS 


L-1 


O&M 


ft 


/^  REQUIRED  INFORMATION:  Using  Single  Incandescents :  i 

A.  Total  watt&ge  of  incandescent  lamps  that  could  be  replaced  with 
lower  wattage  lamps  (estimated) v  watts 

B.  Total  replacement  wattage  (estimated)   watts 

C.  -  Annual  usage  (from-Eftergy  Invervt-or^  Part  E,  Sections  .2) 


hrs/yr 


PROCEDURE: 


Compute  energy  savings: 

  x  (   -   )  x 

ABC 


x  3.413  = 


Btu/yr 


Btus. 


(Est.  Energy  Saved) 


ENERGY  MEASURES:  (RETROFIT) 


f  REQUIRED  INFORMATION:    Replacing  Incandescents: 
A.    Number  of  lamps  of  th^  same  wattage  to  be  replaced  (from  inspec- 


_  _B  Uattaga-o£-exi  st  i^a--Um^U-A-.X£rom--ijaspecti  on)  waits- 


tion') 


lamps* 


C.  Wattage  of  replacement  lajhps  (from  manufacturer)   ^  watts 

D.  Annual  usage  (from  Energy* Inventory,  Part  E,  Section  a.2)- 
.  hrs/yr 

*  A  ■  *  m 

PROCEDURE:  1  ' 


Determine  energy  savings: 

x'(     _  _  ^  _)  x 


x  3.413  = 


Btu/yr 


A  B  C 

(Note:  This  procedure  must  be  repeated  for  each  lamp'  type.  .Record 
total  savings  be4low.) 


(Est.  Energy  Saved) 


Btus 


ERIC 
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POTENTIAL  ENERGY  SAVING  CALCULATIONS 


L-2 


O&M 


f  REQUIRED  INFORMATION:    Disconnecting  Ballasts: 

A.  Assume  fluorescent  ballasts  use  a  maximum  of  20%  of  rated  power 
requirement  of  tubes  in  fixture. 

B.  Total  wattage  of  removed  tubes  (estimated)     ,  watts 

^^CX  Annual-  usage  (from  Energy  Inventory,  Part  E,  Section  a.l) 
^  tors/yr 


PROCEDURE:  .    .  - 

Compute  energy' savings  from  ballast  disconnection: 

 x    x  3.413  x  0.20  =   Btu/yr 

B  C 


fetus 


(Est^Energy  Saved) 


ENERGY  MEASURES:  (RETROFIT) 


REQUIRED  INFORMATION:    Replacing  Eluorescents  with  "Dummy"  Types: 

A.  Number  of  tubes  replaced  with  "dummy"  types  (estimated)  _    -  tubes 

B.  Savings  per  tube  replaced  with  "dummy"  tube  (select  value  from  * 

 chart-beJ-ov4—  — watts  —   — — —  — - 

—  r  - 


Lamp  Replaced 

F20 
F.30 

F48  (Instant  Start) 
F40 

F96  (HO)  - 
F96  (VHO) 

F96  (Instant  Start) 


Savings,  Watts 

18, 
-  50 

55 
•68 
176 
328 
104 


C.    Annual  usage  (from  Energy  Inventory,  Part  E,  Section  a.l) 
  hrs/yr 


(continued) 
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POTENTIAL  ENERGf  SAVJNG  CALCULATIONS    *  L- 


O&M 


ENERGY  MEASURES:  (RETROFIT) 


C  REQUIRED  INFORMATION:  (continued) 
PROCEDURE: 

Determine  energy  savings: 

 x   x  \  x  3.413  =   Btu/yr 

A      '      B     %  C 

y 


(Est.  Energy  Saved) 


Btus 
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POTENTIAL  ENERGY  SAVING  CALCULATIONS 


O&M  

r  REQUIRED  INFORMATION:  \ 

Replacing  All  40-Watt  Lamps  wujTjj^^ 

A,  Assume  a  14%  savings  occurs  when  40-watt  fluorescents  are  replaced 
with  an  equal  number  of  35-watt  tubes. 

B,  Total  wattage  of  40-watt  tubes  (from  inspection)    watts 

C,  Annual  usage  (from  Energy  Inventory,  Part  E,  Section  a.l) 
  hrs/yr 

PROCEDURE: 

Compute  energy  savings:      *  '  

 n    x   x  3.413  x  0.14  =   Btu/yr 

C 

 t   Btus 

( Est.  Energy  Saved) 

(Note:    For  delamping,  uses  second  retrofit  calculate v  below. )  " 

V  ,  __  :  

ENERc/T  MEASURES:  (RETROFIT)  *   

r  REQUIRED  INFORMATION:    Installing  More  Efficient  Tubes/Ballasts:  ^ 

A;  Wattage  of  existing  fixture  ( from -inspection)   watts 

B,  Wattage  of  new  fixture  (from  manufacturer)  watts 

C,  Number  of  existing  fixtures  to  be  replaced'  (-est-)   fixtures 

D,  Number  of  replacement  fixtures  (estimated)    fixtures 

E,  Annual  usage  (from  Energy  Inventory,  Part  E,  Section' a/1 ) 
.   hrs7yr  t  [ 

PROCEDURES: 

1.    Elrrd  annual  energy  requirement  of  existing  fixtures: 
x     N,     x   ^  =   Wh/yr*  


A            E            C  F 
Find  annual  energy  requirement  of  replacement  fixtures: 
x   ■    x   =  Wh/yr 


B 


(continued) 
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POTENTIAL  ENERGY  SAVING  CALCULATIONS  •  L- 

-  )  : 


O&M 


A  REQUIRED'  INFORMATION: 


ENERGY  MEASURES:  (RETROFIT)  ( 


REQUIRED  INFORMATION:  (continued) 

3.    Determine  energy  savings:         — — 

(       •    *-'  .    )  x  3.413  =   "Btu/yr 


Btus  ' 


(Est.  Energy  Saved)- 

Lowering  Luminaires: 

(Note:    Lowering  luminaires  only  results  -in  energy  savings  if  the 
number  of  lamps/tubes  is  reduced  by  de+amping,J 

A.  Total  wattage  of  removed  lamps/tu>bes  (from  inspection)   watts 

B.  Annual  usage  (from  Energy  Inventory,  Part  E,  Section  a.ror  a. 2, 
depending  on  lamp  type)   hrs/yr 

PROCEDURE:  ,  _  ;  

V 

Determine  energy  savings: 

.     'x  x  3.413  =  Btu/yr  •  —   


B 


j$  .  Btua 

"    •    (Est.  Energy  Saved) 
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POTENTIAL  ENERGY  SAVING  CALCULATIONS 


L-4 


REQUIRED  INFORMATION    G-leanigg^ Lamps/ FixtuTes:  ' 

A.  Total  interior  lighting  load  (from  Energy  Inventory,  Part  E, 
Section  a. 4)    kW  ~       •  ' 

B.  Annual  hours  of  lighting  operation  (from  Energy  Inventory,  Part  E, 
.  Section  a.l  and/or  a. 2)    hrs/yr 

C.  Assume  a  5%  annual  savings  for  routine  cleaning,  * 


PROCEDURE: 


Determine  energy  savings: 

  x    x  3,413  x  0.05 

-    A  B 


->  Btu/yr 

  V  ■ 


(Est.  Energy  Saved) 


Btus 


;  r 


j 


ENERGY  MEASURES:  (RETROFIT) 


ERIC 
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POTENTIAL  ENERGY  SAVING  CALCULATION'S    •  L-5 


O&M 


f  REQUIRED  INFORMATION:    Reducing  Exterior  Load: 

A.    Total  exterior  lighting  load  (from  Energy . Inventory ,  Part,  E, 
Section  a. 4')        >  -kW 


B.  fStal  exterior' replacement  load  (estimated)   

C.  Usage  of  exterior  fighting  (estimated)   hr's/yr 


kW 


PROCEDURES: 


1.  Find  difference  between^ exi sting  and  replacement  loads: 
 '  -   =  :  kW 

2.  Compute  energy  savings: 


x  -v 


x  3,413  = 


Btu/yr 


Btus  " 


(Est.  .Energy ~Saved) 


ENERGY  MEASURES:  .(RETROFIT) 


REQUIRED  INFORMATION:    Control  Devi  a 

A.    Total  exterior  lighting  load  (from  Energy  Inventory,  Part  E; 
Section  a. 4)  kW_  ■  


B.  Hours  of  exterior  lighting  use  prior  to  installing  control  device 
(estimated).  hrs/yr          ^  »«•  , 

C.  Hours  gf  exte-ri'or  lighting  use  after  installing  control*device 
(estimated)   hrs/yr            ;  I  '•  ; 


PROCEDURE: 

Compute  energy  savings: 
(        1-  '     •  )  x 


B 


c- 


^  3',413  = 


Biu^r 


(Est,  Energy  Saved) 


J-  Btus/. 


$~    (continued)  / 
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POTENTIAL  ENERGY  SAVING 'CALCULATIONS 


O&M 


f  REQUIRED  INFORMATION: 


s. 


-ENERGY/MEASURES:*  (RETROFIT) 


RETIRED  INFORMATION^  (continued)         '    *  8 

Replacing  Exterior  Incanctescents : 

A.  dumber  of  same  wattage  lamps «(from  inspection) 
£B.  ^Wattage  rating  of  lamps  in  A  (from  inspection) 


damps 
watts/lamp 


C    Wattage  rating  of  replacement  lamps  '(from  manufacturer) 
 -watts/lamp 

D.    Annual  hpurs  of  operation  (estimated)    hrs/yr 

s 

.PROCEDURES:  ' 

1.    Find  power  requirement  of  all  lamps  of  wattage  B: 


B 


'  7TET 


watts 


'2.    Find  pflwer  requirement  of  replacement  lamps: 
x  =  watts* 


*  A 


TUT 


3.    Determine  energy  savings? 
(   '  )  x  3.413  x 


Btu/yr 


(Note:  This  calculation  must  be  repeated  for  each  set  of  lamps  of 
different  wattage.    Record  total  estimated } savings  below.)  - 


Btus 


(Est.  ^Ejiergy  Saved) 


v  : 
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POTENTIAL  ENERGY  SAVING  CALCULATIO-NS   -  L 


O&M 


f  RFOtJiRFD  information:-  Turning  Lights  Off  in  Unoccupied  Areas: 

A.  0  Assume  a  maximum  5%  annual  savings.  \ 

B.  Total  interior  lighting  load  (from  Energy  Inventory,  Part  E,  • 
Section  a. 4')    kW 

C.  Annual  usage  (from  Energy  Inventory,  Part  E,  Section  a>l  or  a. 2, 
whichever  is  applicable)   hrs/yr 

PROCEDURE: 

E-incLaimua  1  l,ighting_energy  savings^  >  . 

x  x  3,413  x  0.05  =   Btu/yr 


 Btus 

(Est.  Energy  Saved) 

•(continued)  ^ 
ENERGY  MEASURES:  (RETROFIT)      «  •   

r-   "  :  1  

REQUIRED  INFORMATION:   Rewiring  Switches: 

v 

A.  Number  of  lamps  'of  same  wattage  rating  controlled  per  circuit 
(switch)  (from  inspection)   lamps 

B.  Wattage  rating  for  lamps cin  A  (from  inspection}   watts/lamp 

'C.    Annual  usage  of  lamps  on  circuit  (estimated)    hrs/yr 

D.    Annual  usage  of  lamps  on  rewired  circuits  (estimated)  ;  hrs/yr 

PROCEDURE:  * 


Determine  energy  savings: 

j  x  x  (  -   ._)  x  3.413  =   Btu/yr 


(Note:    Do  one  circuit  (switch  group)  at  a  time.    Add  individual 
savings  to  Qbtain  total  savings  and  record  below.) 

-     ,   .  Btus 

(>Est.  Energy  Saved) 
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4  *■  •■ 

POTENTIAL  ENERGY  SAVING  CALCULATIONS  L- 

0&.M 

*»  *  

£~ '  required  Information:   (continued)       "  "  *\ 

Organizing  Task  Areas: 

Assume  a  maximum  3%  annual  savings  if  task  lighting  is  used .during 
non-regular  working  hours,  ' 


PROCEDURE: 


Determine  maximum  annual  energy  savings: 

x   x  3,413  x  0.03  =   Btu/yr 


Btus 


(Est.  Energy  Saved) 


V 


ENERGY  MEASURES:  (RETROFIT) 
r  REQUIRED  INFORMATION: 
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POTENTIAL  ENERGY  SAVING  CALCULATIONS  L-8 


,  O&M  ,  1  \    >  -    ' 

^  REQUIRED  INFORMATION:  Removing  Two  Lamps  from  fafur-Lamp  Fixtures:  ^ 

A.  Number  of  disconnected  lamps' of  same  wattage  ig  fixtures  in  ihich 
ballasts  have  also  been  disconnected  (estimated)   _*lamps 

B.  Wattage  of  each  disconnected  lamp  in  A  (estimated)   watts/lamp 

C.  Annual  usage  (from  Energy  Inventory,  Part  E,  Section  a.l)  f 
  hrs/yr 


D.  '  Disconnecting  ballast  'saves  an  additional  20%'. 
PROCEDURE: 


Determine  energy  savings: 

 X"  .  x   x  1 .2  x  3.413*  =  <Btu/yr 

A         '.  B.  C  ' 


(Est.  Energy  Saved) 


•     f  ■ 

ENERGY  MEASURES:  (RETROFIT)^^ 


r  REQUIRED  INFORMATION: 


Btus 


J 
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POTENTIAL  ENERGY  SAVING  CALCULATIONS  B 


O&M   "  

f  REQUIRED  INFORMATION:     Replacing  Damaged  Insulation:  ^ 

A.  U  value  for  roof  (from  Table  3)    Btu/hr/°F/ft2  - 

B.  Assume  75*  greater  heat  loss  through  damaged  insulation. 

C.  Water  damaged  area  (estimated)  j  *sq.  ft.  ,•  - 

D.  Number  of  degree  days-  i n  normal  heating  season  (from  Table  12) 
-     —  HDD. 

«E.    Number  of  degree  days  in  normal  cooling  season  (from  Table  13) 
CDD 


PROCEDURES : 

1.    Determine  heating  energy  savings: 

0.75  x   x    x  24  x   =  Btu/yr 

A         ~~ C~~  '  *  D  ~0T~ 


(continued) 


ENERGY  MEASURES:  ^RETROFIT) 


f   REQUIRED  INFORMATION:  ''Adding  More  Insulation: 

•  ? 

A.  -U  value  for  roof  (from  Table  3^   ,_  Bt.u/hr/°F/ft2 

B.  Number  of  degree  days  in  normal  heating  season  (from  Table  12) 
 HDD 

C.  U  value  for  -"new". roof  (from  Table  3)  Btu/hr/°F/ft2  • 

D-.    Gross  roof  area  (fronwEnergy  Inventory,  Part  C.4)   sq.  ft. 

E.    Number  of  degree-days  in  norlnal  cool ing  season  (from  Table *H) 
_J  •  CDD  •    "  • 

PROCEDURES : 

V.    Find  difference  in  U  values: 

 .     -   =   Btu/hr/°F/ft2 

A         c  "TfT" 

2.    Determine  heating  energy  savings: 

 x  x  24  x   =  Btu/hr 

■  (F)  D  B  (G)        \  ,  .. 

l  \  .  (continued) 
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POTENTIAL  ENERGY  SAVING  CALCULATIONS  B-2. 


O&M 


REQUIRED  INFORMATION:  (continued) 

2 .    Determi  ae xool i ng-  energy TavTngs : 
0.75  x  x        -    x  24  x   


"A        ~~T~  E  (0) 

V     3.    Find  total  Keating  and  cooling  savings: 
+  =   Btu/yr 


..Btu/yr 


TFT 


(Est.  Energy  Saved) 


ENERGY  MEASURES:  (RETROFIT) 


REQUIRED  INFORMATION:    ( conti  nued) 


3.   «Oetermine  cooling  energy  savings: 
x  x  24  x 


w 


Btu/yr 


"IT]-        D  E 
4.    Find  total  heating  and  cool ing  .energy  savings 
+  =   Btu/yr 


! 


(Est.  Energy  Saved) 


BtQs 


Btus 


j  ■ 


ERIC 


'9* 
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POTENTIAL  ENERGY  SAVING  CALCULATIONS  B-4 


O&M 


REQUIRED  INFORMATION:    Suggested  O&M  measure  for  window  replacement^ 
will  save  approximately  the  same  amount  of  energy  as  double-pane 
calculation.    Record  that  result  in  the  blank  below.    No  calculation 
is  provided  for  curtains  and  drapes. 


Btus 


(Est.  Energy  Savfed) 


ENERGY  MEASURES:  (RETROFIT)  * 

f  REQUIRED  INFORMATION:  Insulating  Windows  (Hea.ting  Energy  Savings)  : 

A.  U  value  for  existing  window  (from  Table  2)   Btu/hr/°F/ft2 

B.  R  value  for  new  insulation   Btu/hr/°F/ft2 

C.  Number  of  degree  days  in  normal  heating  season  [from  Table  12) 
-  HDD  •  '  ' 

D.  >Total  window  area  to  be  replaced  with  insulation  (estimated) 
 ;-sq.  ft.    .  • 

PROCEDURES : 

1.    Find  U  value  for  new  space; 
'(1  *  )'+ 


2.  Find  jdi fference  in  U  values': 

A-  "  "THT  ToT 

3.  Determine  heating  energy  savings: 

 x  _,  x  24  x  -   Btu/yr 

~W        D  C 


.  ;   8tus 

(Est.  Energy  Saved) 

'(continued) 
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iP-OT  EMTI  Air  'ENEMY  S  AV INB  CALCULATIONS  B-4 


ENERGY  MEASURES:  .(RETROFIT)  

*   REQUIRED  INFORMATION:  (continued) 

installing  Double-Pane  Windows  (Heating  Energy  Savings): 

A.  U  vali/e  for  existing  window  (from  Table  2)   Btu/hr/°F/ft2 

B.  Number  of  degree  days  in  normal  heating  season  (from^Table  12) 

'  --H&0  


C.    U  value  for  new  window  (from  Table  2-) 


Btu/h^/°F/ft! 


0.    Total  wfndow  area  for  which  double  panes  ,are  to  be  affixed 
(estimated)   sq.  ft.  ^ 


PROCEDURES: 


1.    Compute  dif/erence  in  D  values: 


*     -IT"        C       '"TEj-  ^ 
2,    Determine  heating  energy  savings:  (  .*• 
'    «     x  x  24  x  •  \  #  = 


Btu/yr 


_Btus 


.  (Est..  Energy  Sav^d) 

*    Shading  Devices  (Heating  Energy  Savings):  . 
This  calculation  was  used  previously  ilx  A-9.        , '    \      '  * 
PROCEDURES:  ;   .        t  '  >  - 

1.  Use  the  second  retrofit,  calculation  .listed  -in  A-9  to  calculate  "  j 
savings;    Record  sayings  below. 

2.  -  If  this  calculation-  has  already  been  completed,  *?e-record  savings 

below/        v  * 

•   Btus-  % 


(Est.  Energy  Saved),  7  : 
*  •  • 

"(continued) 


ERLC 
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POTENTIAL  ENERGY  SAVING.  CALCULATIONS  B-4 


O&M 


) 


REQUIRED  INFORMATION:  /" 

V 

J 

ENERGY  MEASURES:  1RETROFIT) 

+  )r   : —  ■  N 

Window  Films  and  Outdoor  Shading  Devices  (Cooling  Energy  Saving^ 

A.  Total  solar  radiation  on  a  south- facing  vertical  surface  (from 
Tabte  9)  J  Btu/ft2/yr  J 

B.  Total  solar  radiation  on  an  east-facing  vertical  surface  (froin 
*  Table  9)   Btu/ft2/yr 

C.  Total  solar  radiation  on  a  west-facing  vertical  surface  (from  ^ 
\Jable_9)  Btu/ft2/yr  - 

D.  Percent  possible  sunshine  (from  Table  10)   *% 

E.  Shading  coefficient  of  existing  window  (from  Table  11)   , 

F.  Shading  coefficient  of  new  glass  with  film  or  shading  device 
(from  Table  11)    ^ 

G.  Area  of  south-facing  glass  (from -Energy  Inventory,  Part-C.2) 
 sq.  ft.  ¥ 

H.  Area  of  east-facing  glass  (from  Energy  Inventory,  Part  C.2) 
  sq.  ft.  j 

I.  Area  6f  ^est-facing  glass  (from  Energy  Inventory ,4  Part  C.2) 
  sq-  ft.  4  v  \ 


) 


J.    Number. of  weeks  in. normal  cooling  season,  (from  Table  8) 

PROCEDURES >  ';  1  ~  '  — - 

— z   *  »■ 

1.  Find  difference  between  shading  coefficients:. 

2.  Determine  cooling  season  as  fraction  of  year: 

r  52  =  . 


yks/yr 


or 


(continued)  % 
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POTENTIAL  ENERGY  SAVING  CALCULATIONS  B-4 


O&M 


f  REQUIRED  INFORMATION: 


J    ENERGY  MEASURES:  (RETROFIT) 


REQUIRED  INFORMATION:  (continued) 


6.    Determine  total  cooling  energy  savings:  ■ 

 "Btu/y.r 


1W 


3, 

[Determine  savings _on  south  wall: 
r  100  x     -       x       '  x 

x  = 

Btu/yr 

D                    A    .  G 

(M) 

4. 

Determine  savings  on. east  wall: 
i  100  x            x  x 

X 

Btu/yr 

D                     B  H 

w 

(L) 

(N) 

5. 

Determine  savings  on  west  wall: 
r  100  x            x  x 

x   /  ■•  = 

Btu/yr 

D                 -  — C  I 

(K) 

(M 

(0) 

(Est.  Energy  Sa^dj 


~7 


y-Btus 


ERLC 
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POTENTIAL  ENERGY  SAVING'  CALCULATIONS 


B-5 


O&M 


/  REQUIRED  INFORMATION: 


ENERGY  MEASURES:  (RETROFIT) 


REQUIRED  INFORMATION:     Insulating  Vialls  or  Roofs: 

A.    U  value'-for  exi  s.tinq'wall  (roof)  (from  Ta6le  1  or  Table  3)  . 
  Btu/hr/°F/ft* 

8.    R  value  for  new  insulation    Btu/hr/°F/ft2 

C.  Number  of  heating  degree  days  in  normal  heating  season  (from, 
•  Table  12)   '_  HDD 

D.  - Gross~wa-LL  (.roof)  area  (from  Energy  Inventory,  Part  C.3  and/or, 

C.4)    s'q.  ft. 

PROCEDURES : 

« 

1.    Find  U  value  for*  new  wall  (roof): 


(1  + 


)  + 


1  T 


(E7~    V  . 

Btu/WF/ft2 

~xrr 

V 

2.    Find  difference  between  U  values: 

Btu/hr/°F/ft2 


3.    Determi ne  energy_ savings: 

"~    — -  -       x  x  24  <x 


w 


Btu/yr- 


I 


Btus 


(Est-  Energy  Saved) 


,te:  Calculation  applies  to  conditioned  spaces  adjacent  to  outside 
a.)  •  « 


:RLC 
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POTENTIAL  ENERGY  SAVING  CALCULATIONS     '  V-1 


0& 


m* 


REQUIRED  INFORMATlpN:    Reducing  Outside  Air  Intake: 

A.  -    Number  of  hours  per  week  during  heatfng  season  outside  air  dampers 

operate  in  minimum  position  (estimated)   hrs/wk 

B.  Lejigth  of  normal  heating  season  (from   wks / y  r  

t.    Amount  of  ventilation  air  required,  (from ♦governing  codes)   cfm 

D.  System's  air  handling  capacity^  (from  Enertjy  Inventory,  Part  E, 
Section  b)   cfm  * 

E.  Minimum  percent  outside  air  brought  into  building  (from  Energy 
Inventory,  Part  E,  Section  b)   %c 

F.  Average  outside  temperature  during  heating  season  (from  Table  4) 
*    °F 

G.  Average  indoor  temperature  (from  Energy  Inventory,  Part  B.2). 

H.  ^Average  outside  temperature  during  cooling  season  (from  Table  .8) 

.   °F 

I:   Nun^er  of  hours  per  week  during  cooling  season  that  outside  air 

dampers  operate  in  the  "minimum"  position  (estimated)   hrs/wk- 


J.  Number  of  weeks  in  normal  cooling  season  (from  Table  8) 
PROCEDURES:  v  ' 


_wks/yr 


1.    Compute  volume  of»excess  air  brought  into  gilding  per  minute: 


( 


t  100  x 


E  •  D     *  C 

2.    Compute  heating  energy  savings:  *v 

x 


w 


cfm 


.  xj.08  x  x.  

TK]~  *         UT^Tj  A" 


TIT 


Btu/yr 


(continued) 


ENERGY*  MEASURES:  (RETROFIT) 


r 


REQUIRED  INFORMATION: 


558 
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POTENTIAL  ENERGY  SAVING  CALCULATIONS  V-1 


0>  4 

O&M 


f  rIqUIRED  INFORMATION:  (continued) 

3.    Compute  cooling  energy  savings: 
v   ?•  x  1.08  x       '     x  x 


i 


w 


V 

Btu/yr 


4.    Find  total  heating  and  cooling  savings: 

  Btu/yr 


W 


Btus 


(Est.  Energy  Saved) 


\ 


s 


J 


ENERGY  MEASURES:  (RETROFIT) 
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POTENTIAL  ENERGY  SAVING  CALCULATIONS 


V-2  ' 


r 


O&M 


REQUIRED  INFORMATION: '  Clbsrnq  Dampers,  During  Unoccupied  Periods: 

*  .  f* 

A.  Average  outdoor  temperature  cjuring  heating  season  (from  Table  4^ 

.  °f  •  «  *        9  ;  .   •  • 

B.  Average  indoor  temperature -dicing  heating  season  (from  Energy 
Inventory,  Part  B.2)   ^  *F  * 

C.  .  Minimum -percent  outside  air  admitted  intt)'buil<iing,  (from  Energy 

Inventory,,  Part  E^Settion  b)  f 

D.  System'1  s  air  hand! ing  capacity,  (from  Energy  Inventory,  Part  Efc  ' 
5ection  b)   cfm 

E.  /Number  of  weeks  in  normal'  heartingHeason  (from  Table  4,)   ;Ws/yr 

F.  Hours  per  week  during  heating  season  that  building  is  unoccupied;, 
(estimate'd  from  data  in^Energy  Inventory,  Part  B.»   hrs/tycjf 


PROCEDURES:  * 


1.  '  Determine  quantity  of  outside  air  admitted  into  building:  ' 


t  100  x 


.cfm 


— r~               D  ~7GT 
2.,  Compute  system's  .annual .operation: 
x   .    =    ■  hrs/yr 

3.  Compute  heating  "energy"  savings: 


1 . 08  x 


TgT"  (b~^~a~J  ~1hT 


Btu/yr 


(Est.  Enefgy^ Saved) 


Btus 


1  % 


ENERGY  MEASURES:  (RETROFIT) 


REQUIRED  INFORMATION'*  ,  Implementation  of  suggested  energy  measar£/> 
will*  result  in .apprbximately  the  same  savings  as  -suggested  O&M,-; 
'    options/   Record  s.avings  computed  above  ip  blank  below,      •  * 

*  _   ,    '     -  ■   Btus 

*        »  ,  \     {Est,  Energy  Saved 
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*   POTENTIAL  ENERGY , SAVING  CALCULATIONS  V- 


O&M 


s\  B.    Current  annual  exhaust  fan  operation  (estimated) 
C.    Adjusted  annual  exhaust  fan  operation  (estimated) 

PROCEDURE:  f 


REQUIRED  INFOR^TION: 

Discontinuing  Use  of  Rescheduling  Exhaust  Fan  Operation: 

•  c: 

A.    Pow,er  of  exhaust  fans* ('from  Energy  Inventory,  Part  E,  Section  b) 
•   :  hp  " 


Compute  energy  savings: 

  x      ±     x  2545  "=  _ 

(3  -  C)  A 


BtiVyr 


(Est.  Energy  Saved) 


hrs/yr 
_  hrs/yr 


Btus 


ENERGY  MEASURES:  (RETROFIT) 
4- 


*  REQUIRED  INFORMATION:  Implementation  of /suggested  energy  measures^ 
jviTT  pe^tlt  in  approximately  the  same  amount  of  savings  as  suggested' 
0&M*<iQ$ions.  .Record  savings  cojnputed  above  in  bl^ank  space  below*  '' 

*         ^  #     .  "  '  '  f  r   BtUS 

*r  \  •  (Est%  Energy  Saved)       \   ~       % J 
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POTENTIAL  ENERGY  SAVING  CALCULATIONS  H-4 


O&M 

^  REQUIRED  INFORMATION:    Recal  ibrating  •ThermostaT:  ii 
If  space  temperature  is  higher  than  thermostat  setting: 

A.  Determine  nuri&er  of  degrees  F  thermostat  is  out  of  calibration 
(from  inspection  and  measurement)  ;   °F 

B.  Number  of  weeks  in  normal  heating  season  (from  Table  4)   wks/yr 

C.  Operation  time  of  he&ting  system' (from  Energy  Inventory,  Part  E, 
Section  c.5;'add  hours/day)     y  hrs/wk 

D.  Total  HTF  (from  "Energy  Consumption  for  Heating,"  Step  5) 
 &tu/hr/°F 

PROCEDURES:       .  *  ' 

—  £» 

1..  Determine  hours  of  operation  per  heating  season: 

  x   -  =   hrs/yr 

B  7C        TTE7"  , 

2.    Compute  energy  savings 

 x   x  =  "     ■  Btu/yr 

— IT"    ~JFT      A  -  - 

(If  space  temperature  is  lower  than  thermostat-setting  during /the 
heating  season,  heating  energy  is  probably  being  saved.)        '  > 


Btus 


(Est.  Energy  Saved) 


ENERGY  MEASURES:  (RETROFIT) 


f  REQUIRED  INFORMATION:    Implementation  of  suggested,  energy  measure  ; 
will  Result  in  approximately  the  fsame  amount  pf  savings  as  suggested" 
•  O&M  options.    Record  savings  computed  above  in  blanfc  below. 

 . .  Btus 

(Est.  Energy  Saved), 


562. 
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POTENTIAL  ENERGY  'SAVING  CALCULATIONS  H 


O&M 


A  •  REQUIRED  INFORMATION: , 


ENERGY  MEASURES:  (RETROFIT) 


REQUIRED  INFORMATION:    Installing  Automatic  Temperature  Controls: 
f  • 

A.  Assume  12%  annual  energy  savings.  , 

B.  Seasonal  heating  load  (from  "Energy  Consumption  for  Heating," 
Step  7)   Btu/yr 

PROCEDURE : 

 :   , 

Compute  heating  energy  savings: 
 ,   x  0.12  =   Btu/yr 


B 


(Est.  -Energy  Saved) 


Btus 
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*    f  1 

POTENTIAL  ENERGY  SAVING  CALCULATIONS    '  H-6 


.  O&M 


f  REQUIRED  INFORMATION 


ENERGY  MEASURES:  (RETROFIT) 


REQUIRED  INFORMATION:    Returning  Condensate  to  Boiler: 

I  *  *"  * 

A.  Steam  consumption  (from  Energy  Inventory,  Part  D,  Row  5,  Column  B) 
/          lbs/yr  *  ' 

B.  Average  city  water  temperature  (from  Energy  Inventory,  Part  E, 
Section  d.4)-  °F 

&.    Condensate  temperature  (measured)    8F 

'  ■  * 
PROCEDURE:.  '  .  **  ' 


Determine  enetgy  savings: 


A        (C  -.  B) 


Btu/yr 


(Est.  Energy  Saved) 


Btus 


\ 


J 
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POTENTIAL  ENERGY  SAVING -.CALCULATIONS  H-7 


'O&M 


r 


REQUIRED  INFORMATION:    Turning  Pilots  Off: 


A,  L  Number  of 'identical  pylots  turned  off  (from  inspection)" 
f  *        !    :  pijots  '  f 

B.  '<  Amount  of  gas  consumed' per  hour  by  one  pilot  in^A  (from  local 

utility)  ^  >t3/hr  . 

C/  Heat  value  of  gas  (from  local  utility  or  use  1030)         ;  Btu/ft3 

D.    Number  of  hours  per  year  pilot  will  be  turned  off  (estimated) 
j  .    s  •    frrs/yr  , 


ftROCEBURE; 

determine  energy  savings: 


Btu/yr 


B 


4  , 


(Est.  Energy  Saved) 


(Note:  Repeat  this  calculation  for  each  pilot  light  size.  Record 
total  savings-  below. ) 


Btus 


•   »  V 


ENERGY  MEASURED  (RETROFIT) 


r 


REQUIRED  INFORMATION: 
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POTENTIAL  ENERGY  SAVING  CALCULATIONS*  H-8" 


oa*M 


REQUIRED  INFORMATION:    Replacing  Steam  Traps:, 
TK.    Number  of  traps  to  "be  replaced  (from  inspection) 


traps 


fe".    Assume  50,000,000  Btu/yr  saved  per  malfunctioning  trap  of  3/16 ' 
prifice  diameter  and  5'psig  steam  pressure  for  a  130-day  heating 
season.  , 

PROCEDURE :  "  ' 


determine  energy  savings,  for  trap  replacement: 


50,000,000 


Btu/yr 


(Est.  Energy  Saved) 


Btus 


J 


ENERGY  MEASURgSURETROFlD 
r  REQUIRED  INFORMATIONS  ' 
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POTENTIAL  ENERGY  SAVINS  CALCULATIONS  ■  H 


O&M 


REQUIRED  INFORMATION: 

c 

 z  7— 

K 

• 

} 

J 

ENERGY  MEASURES:  (RETROFIT) 

A.  Pipe  diameter  (from  inspection)    in 

« 

B.  Length  of  p,ipe  (estimated)     .  ft 

C.  Number  of  weeks  pen  year  iplpe  supplies  hot  water  (from  Energy  . 
Inventory,  Part  E,  Section  c.6)"  wks/yr 

0.   -Number  of  hours  per  week  pipe  supplies  hot  water  (from  Energy 
Inventory,  Part  E,  Section  c.5;  add  hours)  J   hrs/wk 

PROCEDURES: 

]/  Find  heat  loss  per  10  feet  of  pipe  in  A  (from  Table  14  or  Table  15, 
/    depending  on  water  temperati/re  in  heating  system) : 

 ■  Btu/hr/10  ft"  % 


Determine  energy  savings: 
t  10/x  x 


W 


B 


C 


BU^yr 


(Est.  Energy  Saved) 


Btus 


s- 


f  A 
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POTENTIAL.  ENER6T-SAW81G-  CALCULATIONS.  '  xH-12.  . 


O&M 


*5.  -t 


/       *RE0U1RE& INFORMATION:     Routine  (fleani  rig/Maintenance: 
A.    Assume,  a  10%  energy  sayings.  ,  *  . 


B.    Seasonal  heating  .load  (frftnT  "Energy  Consumption  for  Heating," 
Step  7)   Btu/yr 

•> 

PROCEDURE:  •  j 

Compute  energy  savings: 
 ^  x  6.r6  =   Btu/yr 

-    B  »•      .  "• 


B'tus 


(Est.  Energy  Saved) 


,   ENERGY  MEASURES:  (RETROFIT) 


I    -REQUIRED  INFORMATION:     Replacing  Inefficient  Units: 

A.  Efficiency  of  old  unit  (from  manufacturer)   % 

B.  *  Efficiency  of  new  unit  ( from 'manufacturer)     ■>    ■  # 


Cv   Seasonal  heating  load  (from  "Energy  Consumption  for  Heating," 


Step  7) 
PROCEDURE: 


Btu/yr 


CMS 


Determine  energy  savings: 


Q. 


( 


)  *  100  x 


Btu/yr 


(Est.  Energy  Saved) 

* 

i 

(continued) 


Btus 


ERIC 
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•                 at  * 

'    *  *  .v... 

< 

•  *  \ ' 

o  1 

POTENTIAL*  ENERGY  SAVING  CALCULATIONS  H-12 

f  REQUIRED  INFORMATION:                                    .             .  *^ 

i 

« 

t 

  * 

*   —  ' 

4 

ENERGY  MEASURES:  (RETROFIT)  • 

4 

* 

^  REQUIRED  INFORMATION:'  (continued)^ 

improving  cTTiciciiuy  w  i  cii  dcnmcd.  > 

A.  Seasonal  heating  load  (from  "Energy  Consumption  for  Heating," 
Step  7)            Btu/hr  - 

B.  Improvement  in  efficiency:    For  old  boilers  (3"  tubes),  use  0.10. 

,  For-new  boilers  (3"  tubes),  gse  0\03. 

PROCEDURE:' 

« 

4 

/ 

0 

1 

t  * 

Determine  energy  savings: 

x'          =  Btu^yr 
A  B 

-  * 

;                                      ,                                                 f   *  BtUS- 

(Est.  Energy  Saved) 

% 

L        , .  ■  ~-    _._  -_  .  ' 

% 

• 

—    1               ..mm  « 
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4 

POTENTIAL  ENERGY  SAVING'  CALCULATIONS  H- 


O&M 

f  REQUIRED  INFORMATION:  ( 

\ 

^  z^— 

J 

ENERGY  MEASURE^rtBETRORT) 

V 

REQUIRED  INFORMATION:    Preheating  Combustion  P$r;  \  . 
A.    Assume  one  cubic  "foot  of  combustion  air  required  for  each 


1U0  Btus^of  output.  *  

B.  Seasonal' heating  load  (from  "Energy  ConsumptrorrfotH+eati ng," 
.  Step  7)     f      Btu/yr  .  3 

C.  Number  *of  degrees  combustion  air  can  be  preheated  using  heat 
recovery  device  (from  manufacturer)  °F 

D.  Boilef  efficiency  (from  manufacturer)   '_% 

PROCEDURES : 


> 


1.    Fisd. annual  volume  of  combustion  air  required: 

ft3/yr 


B        ■  D  TTFT 
2,    Compute  'heating  energy  savings: 

x   x  0.075  x  0.24  =   Btu/yr 


t 


Btus 


(Est,  Energy  Saved) 


V 


L 
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:  POTENTIAL  ENERGY  SAVING  CALCULATIONS  .  ..C-1 

'        *   v     ■    •   *  •  \       ■       «  . 
'    O&M    '  •  *  • 

t  9  •  

S      J   '  *    '  1 

r    REQUIRED  INFORMATION:    Recal  i bratw  Thermostat :      t  s 


DuH<ng  cool  ing~  season,  jf  space  terriperatore  is  Mower,  than  thermostat # 
setting;  ,  m  ,%  ■  ;  1     '  . 

■        .  *       %  %  * "  » 
Ar^JjMbelfrQ-f  deiirSe'S  thermostat  is  out  of ^qal tbration  '{from  inapec-  -w 

B!    Number,  of  weeks  %in  cool  ing  seasqji  (.ffom  'Table"  8)"    >  ;     wj<s/yr   *  , 

C.  Cooling  system  operating  time  (from  Energy  Inventory \, y*rtj&JK*  . 
/   Section  c.5;~add  hours)   hrs/wk  ^  ,    '  r 

D.  Total  HTF  factor  (from  "Energy  Consumption  for  Heating,"  Step  5) 


BtWhr/uF 


PROCEDURES: 

y 

1.  Find  annual  cooling  system  operation: 

 x   =  _____  hrs/yr 

.  .B   •         C  ;  ;   "T&T"    '  . 

2.  Compute  cooling  savings: 
  <  Btu/yr 


 L   Btus 

(Esjt.  Energy  Saved) 


(#f  space  temperature  is  higher  than  thermostat  setting  during  the** 
cooling  season.,  energy  is  probably  being  fconserved,  depending  on  the 
type  of  system  employed^  If  a  reheat  or  dual  duct  system  is  being 
used,  however,  calculate  excess  energy  consumed  using  above  method.) 


k 


ENERGY  MEASURES:  (RETROFIT) 


f  REQUIRED  INFORMATION:    Implementation  of  suggested  energy  measure 
will  result  in  approximately  the. same  amount  of  sayings  as  suggested. 
O&M  options.    Record  savings  computed  abov^  in  blank  below,  .j- 

 t  Btus 

(Est*  Energy  Saved)  •  . 
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if 


POTENTIAL  ENERGY  SAVING  CALCULATIONS  '  C 


Q&M 


fc  REQUIRED  INFORMATION: 


-  » 


ENERGY  MEASURES:  (RETROFIT) 


.      _    •   .  , 

Length  of  Tod  ling  sealoiTTfroin  Table  8)  ~~ wfs/yr 

C.  *  Length  of  heating  season'  {from  Tatrle  4)   wks/yr 

D.  Hot  deck  reset  in  summer  (lower  temperature  5-10°F    °F 

E.  Hot  tieck  reset  in  winter  (lower  temperature' 3-6°F)  °F 

F.  Operating  time  per  week  (estimated)   hrs/wk 


PROCEDURES: 


REQUIRED  INFORMATION:  >  Resetting. Hot  Deck  Temperatures: 

Ar4,  System's  air  handling  capacity* If rom  Energy  Inventory ,  PaVt  , 
— -' -Section  b)   cfm  •  * 


^ 


P.    Determine  heating  energy  saved  in  summer: 

*  x  0.5  x  1.08  x    x,  ,x  ^  =      -      Btu/yr*  , 

A  '  •     IT-        B     "      f  . 

2.  'Determine  heating  energy  saved  in- winter:  - 

*x  0.5  x  1.08  x  J  x   x  =         •  Btu/yr 

— A- F-         C  F  ^Hl^ 

3.  -  Determine  annual  heating  energy" .savings: 

+   =  Btu/yr 


Btus 


(Est.  Energy  Saved)/ 


J. 


(continued)- 


» ■ » 
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.  POTtNTIAL*. ENERGY  SAVING  CALCULATIONS  '  C 

*  ♦ 
O&M  .  • 

f  REQUIRED  INFORMATION:  A 


J 


•ENERGY  MEASURES-.  (RETROFIT)  .  .  _; 

r  REQUIRED  INFORMATION:    (continued)  ^ 

*' 

'  Resetting  Cold  Deck  Temperatures: 

r 

«. 

A.    System's  a*ir  handling  capacity  (from  Energy  Inventory,  Part  E, 
Section  b)   cfm 

8.    Length  of  cool ing^season  (from  Table  8)   wks/yr 

C.    Cold  deck  reset  (raise  temperature  3-6°F).  °f?       '  4 

tk    Operating- time  per  week  (estimated)   hrs/wk 


PROCEDURE:  -  ~~ 
Determine  cooling  energy  saved: 

_j         x  0.5  x  1.08  x   -x  x    =-  Btu/yr 

A                            '  C  -A    ,  D 


(Est:  Energy  Saved) 


Btus 


J 


♦ 
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POTENTIAL  ENERGY  SAVING  CALCULATIONS^ 


O&ty 


\  * 

f  REQUIRED  INFORMATION: 

a-                                        *  *  \ 

*  * 
• 

• 

I   ...  ;~ 

ENERGY  MEASURES:  (RETROFIT) 

REQUIRED  INFORMATION:  Insulating  Chilled  Water  Lines: 
A*    Pipe  diameter  (from  inspection)    in 


Length  of^pipe  (estimated)   ft 

C.  'Number  of  weeks  peryHr  pipe'supplies  chilled" water  (from  Energy 


Inventory,  Part  E\  Section  c.6) 


wks/yr 


D. 
E. 


Number  of  hours  per  week  pipe  supplies •  chilled  water^(from  Energy 
Inventory,  Part  E^  Section  .c. 5;  add  houfs)      *  hrs/wk- 

Find  heat  gain  per  ten  feet  -of  pipe  in-  A  (from  Table  16) 
 Btu/hr/10-ft 


PROCEDURE: 

Determine  energy  savings: 

x 


,  *  10  * 
T7  ~T 


BJtu/yr 


Btus 


(Est.  Energy  Sav^d) 


POTENTIAL  ENERGY  SAVING  CALCULATIONS  -C-9 


O&M 


r 


REQUIRED  INFORMATION:    Cleaning  Condenser  Coils:. 


f(.    Seasonal  cooling,  lcfa'd  (from  "Energy  Consumption  for  Cooling,' 
Step  5)   ._  Btu/yr 

B.    Assume  a  10%  savings.  .  , 
PROCEDURE:  .  / 


Determine  cooling  energy  savings: 


x  0.10 


Btu/yr 


Btus 


(Est.  Energy  Saved) 


\ 


ENERGY  MEASURES:  (RETROFm 


r 


REQUIRED  INFORMATION: 


9 

ERIC 
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57s. 


A 


'POTENTIAL. ENERGY  SAVING  CALCULATIONS      CM  1 


0£W. 


'REQUIRED  INFORMATION:  .  Raising  Chilled  Water  Temperattire: 

Assume  chiller  supply  temperature  is  wised/rom  45°F  to  48°F 
(3.  degrees  increase) . 

B.  Seasonal'cQoling  energy  load  (from  "Energy  Consumption  for' 
Cooling,"  Step  5)  'J_  ,Btu/yr  J  '  • 

C.  Assume  2%-per  degree  of  reset. or  6%  for-a- three-degree  reset. 

PROCEDURE:  « 


Determine  cooling  energy  savings: 
x  0.06  =  BJu/yr 


B 


Btus 


(Est.  Energy  Saved) 


ENERGY  MEASURES:  (RETROFIT) 


r  REQUIRED  INFORMATION: 


er|c 


#  • 


576 
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POTENTIAL  ENJERGK  SAVING  CALCULATIONS  0-13 


.  O&M 


A  REQUIRED  INFORMATION: 


ENERGY-  MEASURES:  (RETROFIT) 


r 


REQUIRED  INFORMATION:  ■     >  * 

Replacing  Refrigeration  System  with  Water-Cool ed  .Condenser  System: 


A.  Amount  of  air  conditioning  (from  "Energy  Consumption  for  Cooling,1 

Step  1 )  tons 

,  j> 

B.  .    Approximate  power  input  for  existing  system  (from  'lEflergy  Con- 

sumption for\Cool ing,"  Step  C)   >kW/design  'ton  • 

C.  Approximate  power  input  for  water-cooled  condenser  system  (from 
•Table  6)   kW/design  ton 

D.  Full -load  operating  hours  (from  Table  7;  if  city  is  not  listed, 
select  value  for  nearest  city  in  same  cooling  zone  from  Figure  1) 

-   hrs/yr 

PROCEDURES: 

1.  Find  difference  in  power  requirements: 

'  -   =    .  »  kW/ton 

B  C       „  (E) 

2.  Compute  cooling,  energy  savings: 


x  3,413 


D 


Btu/yr 


(Est.  Energy  Saved) 


Btus 
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POTENTIAL  ENERGY  SAVING  CALCULATIONS 


W- 


O&M' 


(    REQUIRED  INFORMATION:    Reducing  Hot  Water  Temperature: 

a* 

4 

A.  Daily  per  capita  hot  water  consumption  (from  Table  17) 
  gal/person/day 

B.  Number  of  work  days  pier  year  (estimated  from  Energy  Inventory, 
-    Part  B.l)   days/yr 

C.  Average  number  of  occupants  (estimated  from  Energy  Inventpry, 
Par1?  B.l)   occupants 

D.  Assume  energy  savings  of  8.33  Bku/gaV°F 

E.  Number  of  degrees  temperature  of  hot  water  is  to  be  reduced  ■ 
UstimatexJ)      '      °F  * 

PROCEDURES: 


1.    Find  annual  consumption: 

x  x   


B 


gaT/yr 


(continued) 


5NERGY  MEASURES:  (RETROFIT) 


REQUIRED  INFORMATION:     Insulating  Pipes: 

.    Pipe  diameter  (from  inspection)   

.    Length  of  pipe  in  A  (estimated)   


in 
ft 


Number  of  weeks  pipe  supplies  hot  water  (est.) 
Hoyrs  per  week  pipe  supplies  hot  water  (est.) 


_  wks/yr 
hrs/wk 


Find  heat  loss  per  10  feet  of  pipe  in  A  (from  Table  14  or  Table  15, 
depending  on  water^temp'erature)  Btu/hr/10  ft 

PROCEDURE:*  ' 


Determine  energy  savings: 
'     r  10  x  x 


E> 


B 


Btu/yr 


Btus 


(Est.  Energy  SaVed) 

(continued) 
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POTENTIAL  ENERGY  SAVING  CALCULATIONS  W-1 


O&M 


r  REQUIRED  INFORMATION:  (continued)" 


2.    Determine  energy  savings: 
'  x  8.33  x 


Btu/yr 


(Est.  Energy  Saved) 


f 


ENERGY  MEASURES:  (RETROFIT) 


A  REQUIRED  INFORMATION:  (continued) 

I         ..    _  Insulating  Storage  Tank: 

A\    Surface  area  of  tank  (from  manufacturer)   sq.  ft. 

81  R  value  of  insulation   Btu/hr/°F/ft2 

C.|  Temperature )of  hot  water  in  tank  (measured)   °F 


D.  l  Temperature  of  surrounding  air  (measured)       ,  ' 

E.  *,  Number  of  hours  per  year  tank  is  used  (estimated) 

PROCEDURE:     »  '     *  • 


Compute  energy  savings: 


B  .     (C  -  D) 


Btu/yr 


(Est.  Energy  Saved) 

— =£  1  


hrs/yr 


% 

Btus 


ERic; 
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POTENTIAL  ENERGY  SAVING  CALCULATIONS 


O&M  . 

t 


REQUIRED  INFORMATION: 


ENERGY  MEASURES:  (RETROFIT) 


REQUIRED  INFORMATION:    Installing  Solar  Hater  Heater: 


Percent 'possible  Sunshine  (from  Table  10)   % 

Solar" insolation  incident  on  collector  surface  (from  Table  18) 
 Btu/^2/yr  '  •  • 

C.  Collector  surfac^area  (from  manufacturer)   sq.  ft. 

D.  Per  capita  hot  water  consumption  (from  Table  17)   gal /person/day 

E.  Average  number  of  building  occupants  (estimated)   occupants 

5  * 

F.  Number  o'f  days  per  year  building  is  occupied  (estimated  from  data 
.in  Energy  Inventory,  Part  B.l)   days/yr 

G.  Difference  between -hot  watef  temperature  and  city  water  temperature 
(frpm  Energy  Inventory,  Part  E,  Section  d.4)  _^   °F 

PROCEDURES:'  * 


1.    Determine  annual  hat  water  consumption: 

gal/yr 


,  D 


w 


2.  Determine  energy  required  to  heat  (tf): 
8.  3  x   x   =  ■_  Btu/yr 

3.  Calculate  usable  energy  frofl^cql»lector: 

t  100  x   x  =  

A"- \  B  C 


Btu/yr 


(Note:    If Jstep  3  result  is  greater  thanStep  2  result,  record  Step  2 
result  below.    If  Step  3  result  is  less^an 'Step  2  result,  record. 
Step  3  result  below.) 


Btus 


(Est.  Energy  Saved) 


V 


EA-WB/Page  161  -x 


\ 


580 


GENERAL  REFERENCE.    ENERGY  AND  POWER  CONVERSIONS . * 


TO  CHANGE: 

• 

i 

From: 

\si  Jo: 

Multiply.  By: 

M  I OWd t l-nuui  o 

Btus 

3,413+/11,600# 

MfPc  Natural  ftac 
H L r  b  lidlU kci  1    vj a o 

Cubic  feet 

1000.00 

*  Therms 

10.00 

PPT  Na  ti  ira  1  ^ac 

Btus 

103,000 

PF  Ma  ti  i  ra  1    fta  < 
Lr   IN  a  LU  r  a  1    oa  o 

Btus 

•1,030 

Therms  Natural  Gas 

1  lie  I  ill o    liQl/Ui  a  i  uuj 

Btus 

100,000 

Horsepower 

kWs 

0.746 

* 

Btu/min 

42  ?41 

Barrels  (bbls) 

Gallons 

42 

Barrels  Crude  Oil  ■ 

Btus 

»  5,825,000 

Gallons  No.  2  Heating  Oil 

»  •  Btus 

138,690 

Barrels  No./^  Residual-Puel 

Btus 

6,287,000 

Barrels  No.  6  Heating  Oil 

BtUS 

•O , LOU , 30U 

'Gallons  Gasoline 

x  Btus 

/ 

125,000 

•              •  • 

Barrels  Liquified  Propane 
'Gas  (LPG) 

Btus 

4,009,950 

Short  Tons  Coal 

Btus 

24  ,"500, 000 

Watte  (W) 

Btu/hr  , 

3.413 

Kilowatts  (kW) 

Watts 

*  1000.00 

Pounds  Steam  (lbs) 

Btus 

•  1000. 00+/ 1390. 00 # 

Tons  Refrigeration 

'  Btu/hr 

12,000 

*  Sea  level 

+  Institutional  Conversion  Factor                  .                   m  * 

#  Point  of  Generation  Conversion  Factor  (for  Federal  Reporting) 
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/~T\BLE  1.    U  VALUES  FOR  TYPICAL  WALC  AND  ROOF  CONSTRUCTION  (WALLS)' 


123496  7 


1234567 


12345 


Construction  »      i  Resiscance  (R) 

1.  Oucaidc  surface  (15  -non  wind)  0.i7 

2.  ?ac£  brie*       «)   0.44 

3.  Ceaenc  aorcar  (1/t  in)   0.Z.0 

4.  Concx^ce  block  (cinder  agg)  '3  in)   1.72 

5.  «vir  space    (rerleccive)    2.30 

6.  Gypsua  .rallooard.  ioil  back  \Ul  in)  0.45 

7.  Inside  iurrace  (sciil  air)'.  0.68 

local  resiscance   6.36 

U  -  l/R  -  lj'6.36  ■    0.16 

Conscruccion  Resiscance  (R) 

1.  Oucside  sarfaPe  (15  aon  wind)  0.17 

2.  Common  brieve       m)  0.60 

3.  Air  soace    0.97 

4.  Concrsce  olock  (scone  agg)  i4«uo   0.71 

5.  Air  saace     •  •   0.97 

6.  Gypsua  uailbodca  (1/2  in)   0.45 

7'.  Inside  iucrace  (sciil  air)  v   0.63 

Tocal  resiscance   -\  4.75 

rJ  -  1/R  ■  1/^.75  -    0.21 

Conscruccion  Resiscance  (R) 

1.  Inside  suriace  (sciil  air;   0.6a 

2.  ?las.  (1:  wc  a?g)  5/8  in  0.39 

3.  Cemenr  blick  (cinder  aggJ  (4  m)   1.11 

4.  PIas.  (lc  wc  ags)  .5/3  *o   

5.  Inside  surface  (sciil  air)   0.63 

local  resiscance    3.25 

y  *-t/R  -  1/3.25  ■  0.31 

Conscruccion  '                    Resiscance  (R) 

1.  Oucsiae  surrace  U5  aon  wind)  0.17 

2.  race  brick  (4  m)   0.44 

3.  Conaon  brick  (4  m)  -  0.80 

4.  Ale  space   0.97 

5.  Gypsua  vallboard  (1/2  iiw,   0.45 

6.  In'side  surface  (sciil  air)   0,63 

Tocal  resiscance   3.51 

U  -  1/a  *  1/3.51  -   s:  0.29 

'  Adjuscaenc  for  furring  (1  x  2  in  9  16  in  o.c.) 
•  lit  x  1.00  ■  0.29  x  1.00  -  0.29 

Conscruccicn  Resiscance^R) 

1.  ^Oucside  surface  v  15  mph  wind)  0.17 

2.  Siding,  wood.  1/2  a  3  in  lapped  (avg)  <  0.31 

3.,  Sheachihg.  1/2  asphalt  lapregnaced  .   1.32 

4.  xlr  sp^acejs   0.97 

5.,  Gypsua  vailboard  (1/2  in).  *   0.45 

6.  Inside  surface  (scill^ir)   0.68 

Tocal  resiscance   «*  <••«  *^0 

0  -  1/R  »  1/4.12  -....^  0.23 

Conscruccion  Resiscance  (R) 

1.  Surface  (sciil  air)   0.68 

2.  .Gypsum  bd  (1/2  in)    0.45 

3.  Air  space   *.   0.97 

4.  Gypsua  vallboard  (1/2  in)   •  <L*5 

5.  Surface  (sciil  air)  *  0. 

Tocal  resiscance   3.23 

0  -  1/R  •  1/3.23    0.31 


2345 


ERLC 
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TABLE  2.  ' U  .VALUES  FOR  GLASS. 


( Glass 

U  Value 

Single  pane 

1.13 

Double  pane 

0.65 

Triple  pane 

,     ,0.47  '" 

Storm  window  and'* 

air  space  - 

0.56  ** 

\ 


V 


M  - 

S 
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•  A 

'-  i 
TABLE  3.    U  VALUES  FOR  TYPICAL  WALL  AND  ROOF  CONSTRUCTION  (ROOFS) 


1234  56  78- 


.  1234  5  07 


123  45673 


Construction  *   >       Resistance  (R) 

1.  Outsidt  surface  (15  aph  wind)   0.17 

2.  3uilt-up  roofing  (3/8)    0.33 

•  3.  Root  Insulation  (C  a  0.24)     . . ...     ......  "4.17 

4*  Metal  deck  *  *  O.fo 

5.  Air  space    0.99 

6.  Metal  lath  and   

7.  3/4  in  plas.  (san  agg)   0.13 

3.  Inside  surface  (still  air)    0.92 

Total  resistance   ^   6. 71 

U  -  1/R  --1/6.71   :   0.15 

Construction       >  Resistance  (R) 

(Heat  flow  up) 

1.  Outside  surface  (15  aph  vind)   , ."   0.17 

2.  3uilt-uo  rooting  (3/3  in)    3,33 

3.  Roof  insulation  (C  -  D.72)    1-39 

4.  ?lywood  deck  (5/S  in)   !. ..  0.-3 

5.  Air  sjace   J.----.  0.35  ^ 

6.  Gyp sua  vaiiboard  v  1/2  in)    0.«*5 

7.  Acoustical  tile  (1/2  in)  -  glued  ...^   1-25 

3.    Inside  surrace' (still  air)    

Total  resistance   *  5.33 

U  *  1/R  •  1/5.33   ■  *   017 

Construction  (heat  flow  up)  Resistance  (R) 

1.  .Outside  surface  (15  aph  wind)    0.17 

2.  3uilt-up  roofing  -  3/3  in  v   0.33 

3.  Roof  insulation  (none)  >.   — " 

4.  Concrete  slab  (It  wt  agg)  (2  in)    2.22 

5.  Corrugated  aetal  .   c*  0 

6.  Air  space    .  .v  A   0.35 

7.  Heral  lath  and  3/4  in  plas.  (lc  wt  agg)  ...  0.47 
&.  Inside  surf  ace  (Still  air)  -:   0.61 

Total  resistance   *   4-65 

a  -  1/R  -  1/4.65  -    0.22 

Construction  ^         Resistance  (R) 

(Heat  flow  up)  *  * 

1.    Outside  surface  (1,5  aph  wind)    0.17 

•2.    Asphalt  shingle  roofing   0.44  t 

3.  Building  paper  •  0.06  4 

4.  Plywood  deck  (5/8  in)    0.73* 

5.  Air  space    (3.5  in,  reflective  surface),-...  2.06 

6.  Gypsuh  vallbcerd  (1/2  in)   0.45 

Insijie  surface  (still  air)   *0-62 

Total  resistance    4 -58 

a  -  1/R  •  1/4.58    0.22 

Headed  rooA  below  unheated  space 
Construction  (heat  flow  up)>  Resistance  (R) 

1.  Top  surface  (still  air)    0.61  . 

2.  Llnoleua  or  tile  (ave  R)   *r   0.05 

3.  Felt    0.06 

4.  Plywood  (5/8  ini    °'78 

5.  Wood  subfloor  (3/4  in)    0.94 

6.  Air  space    0.35 

7.  Hetal  lath  and  3/4  in  plas  (It  wc  ags)    0.47 

Bottom  surface  (still  air)  ....... v   0.61 

"•Total  resistance   *   J*37 

a  -  1/R  -  V4.37  -   (  *  0.23 
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TABLE  4.    DAIA  ON  NORMAL  HEATING  SEASON  IN  U.S.  CITIES; 


Days 

Average 

City 

.  Per 

Tenip. 

Seastn* 

"F 

ALABAMA 

Ann  f 1 1 nn 

192 

50.3 

Ri  rainQham 

193 

50.6 

fiAfi^rtpn 

VJU  KM  jUCM 

204 

50.8 

Mobile 

151 

54.9 

Montgomery 

i6a 

53.4 

Tuscaloosa 

191 

.  51.8 

ARIZONA 

Flagstaff 

328 

*42.1 

Mnnalpt 
iiu  y  a  icj 

214 

53. 2 

rnucn | x 

-  149 

55.0 

Pre  sco  1 1 

243 

46.3 

165 

54.2 

Yi|Cj|0n 

n 

113 

56.6 

ARKANSAS 

• 

Fort  Smith 

187 

48.0 

Li  ttle  Rock 

-  187 

49.1 

Texarjcana 

171 

51.2 

CALIFORNIA  . 

BakersHeVd 

181 

53.3 

Beaumont        f  1 

230 

52.7 

Bishop 

v239 

47.3 

Burbank 

211 

56.4 

Fresno  * 

192 

51 .8 

Los  Angeles 

190  . 

'v  57.4  - 

Mount  Shasta 

JUb 

AC  7 

Oakland 

365 

56.3 

Pasadena 

245 

9t. 6 

*tAf*rAify*ntn  * 

JuL.1  O UK.  IILU 

211 

52.7 

San  Diego 

224 

58.0 

San  Francisco 

-  365 

56.6* 

Sarn  Jose 

1 

DD  .  1 

COLORADO 

Alamosa 

'  343  . 

39.8  ' 

•  BouTder^  I 

277 

45.1 

Colorado  Springs 

276 

-41.4 

Denver 

266 

43./ 

Grand  Junction 

241 

41.0  . 

Pueblo 

257 

^  42.8 

CONNECTICUT 

Bridgeport 

260 

42.  S 

Hartford 

?64 

*  41.7 

New  Haven 

268 

42.  ? 

City 


DELAWARE  ■* 
Dover  % 
Mi  1  ford 
Wilmington 

DISTRICT  OF  COLUMBIA 
Washington  . 
Silver  Hill  Obs. 

FLORIDA 
Daytona  Beach* 
Fort  Myers  • 
Jacksonville 
Lakeland 
Miami 

Miami  Beach 

Orlando 

Pensacola 

Tal lahassee 

tampa  ^ 

GEORGIA 
Athens 
Atlanta 

Augusta  , 
Columbus 
Macon 
•  Savannah 

IDAHO 
Boise  . 
Lewiston 
fjocatel  lo 
Salmon 

ILLINOIS  * 

Blooqjington  \ 

Calro_ 

'Chicago  ^ 

Decatur 

Joliet 

Mo line 

Peoria 
t  Rock  ford 
"  Springfield 

Indiana' 

Evansvl  1  le  5* 
Fort  Wayne 


\ 


Days 
Per  * 
Season* 


236 
232 
235 
* 

223 
232 

12i2 
) 

132 
87 
100 
0 
16"5 
151 
157 
93 

19) 

194 
172 
180 
169 
164 

277 
2C9 
290 
307 

242 
201 
2b  li 
242 
257 
248 
248 
268 
228 

255 
255 


Average 
Temp. 
°F 


45.7 
46.5 
44.1. 

45^9 
($5.4 

57.9 

§W 
97.5 
63.3* 

61.1 
55.5 
$5.3 
57.8 

50.3 
50.5 
52.6 
51.7 
52.9 
54.6 

43.7 
44.6 
40.9 
39.^ 

41.5 

46  3 

39.9 

42.3- 

39.4 

39.3 

40.5 

39.5 

42.1 

47.9 
40.3 


•  City 
• 

Days 
Per 
Season* 

Average 
Temp. 
°F 

INDIANA  (cont'd) 

Indianapolis 

229 

42.6 

257* 

39.6 

10WA 

Burl ington 

v  243 

39.9 

Davenport  • 

240  - 

39.6 

Dc$  Moines 

243 

39.2 

Duhu<|tic 

•  268 

37!9 

Sioux  City 

253 

37.3 

KANSAS 

Dodge  City 

231 

43.1 

Good 1 and 

261 

40.6  ' 

Sa 1 i na 

232 

Tnnot  .1 

222 

42.8 

Uirhi  tA 

220 

44.2 

KfcNUJCKY 

f  i  o  nk  f  or  t 

229 

46.6 

1  ex  i  ii<|  ton 

233  . 

43.6 

1  Oil  ts  V  1 1 1 0 

217 

45.  3 

1  mi  1  C  1  All  A 

I Oulbl ANA 

Raton  Rouge 

157 

54.0 

t  ake  Charles 

151 

54.8 

flew  Orleans 

135 

56.3 

Slirevepot  t 

163 

52.0 

MAIMl  0 

Ca  r  i  bun 

344 

35. 4 

Eas  tpoi  t 

365 

42.4 

Port  laud 

303 

19./ 

MARYLAND 

Annapol  i  s 

236 

46.0 

Baltimore  f 

48. 1 

Cambridge 

225 

46  J 

MASSAUUISUIS 

— Boston 

262 

42-.  9 

f  itchburg 

284 

41.7 

Nantucket 

297  * 

44.5 

^  PlttsfieW 

301 

i?J9.4 

MICHIGAN 

Ann  Jtt#or^ 

276 

40. 1 

Detroit 

259 

40.3 

Mint 

286 

39.9 

Grand  Ra,)ids 

260 

40.1 

*  For  calculations  requiring- heating  season  "in^eeks,  divide  nufnber  of  days  'by  seven.. 


9 

ERIC 


(i      r  ^  7 


Table  4!  Continued/ 


1 

CUy 

Days 
Per 
Season* 

Average 
Temp. 
°F 

MICHIGAN  (cont'd) 

Kalamazoo- 
t  Lansing  - 

Saginaw  '       t  „ 

!5"t.  Joseph 

272 
268 
275 
269 

t 

40.5 
38.9 
39.3 
42.0 

**          *  . 

'  MINNESOTA 
Ouluth 
Minneapolis 
Rochester 

^  St.  Paul  , 

•  319' 
263 
274 
264 

35.3 
35.1 
35.5 
35.4 

MISSISSIPPI/ 
Jacksojj^ 
Meridian 
Vicksburg 

.175* 
180, 
165 

52.4 
52.0 
52.9 

f 

MISSOURI  , 
Columbia 
Kansas  City 
St.  Joseph 
Sl.  Louis 

231 

220  ' 

226 

215 

42.9 
42.8 
41.4 
4*4.2 

MONTANA  / 

Great  Falls 
,  Havre 

Helena  » 

Kallspell 

Missoula 

286 
365 
307 
*  298 
318 
323  " 
312 

40.2 

38.3 

40.4 

37.4 

39.4 

40.1  { 

39.8 

NEBRASKA  / 
Lincoln 
Norfolk 
North  Platte 
Omaha  • 
Scottsbluff 

237 
257 
260 
239 
272 

40.^ 
37.5 
39.8 
39.2 
39.8 

✓ 

1 

NEVADA 

E 1  v      t  < 
.    Las  Vegas 
p  Reno 
'  Tonopah 

206 
296 
269 

Ai\  K 
4U.  D 

53.2 
44^6  * 
43. 4^ 

NEW  HAMPSHIRE 
Concord 
Hanover 
Keene 

291 
309 
307  . 

38.8 
3<^ 
40.7 

City 


NEW  JERSEY 
Atlantic  City 
Belvldere 
Oover 

Jersey  City 
A  Newark 
New  Brunswick 
Somervll 1e 
'Trenton 

NEW  MEXICO 
Albuquerque 
Clayton 
Ratort*^ 
Roswel 1 
Santa  Fe 

NEW  *YORK 
Albany 
Dlnghamtpn 
Buffalo 
Elmira 
Ithaca  _ 
New  York 
Rochester 
Schenectady 
Syracuse 

NORTH  CAROLINA 
Asheville 
Charlotte 
Hatteras 
Raleigh 
Winston-Salem 

NORTH  0AK6TA 
Bisinarck 
Fargo 

Grand  Forks 
Jamestown 

OHIO 
Cincinnati 
Cleveland 
Columbus 
Dayton  * 
Lima 

Sandusky 


Days 
*  Per 
Season* 


244 

259 
276 
246 
242 
256 
254 
239 

III 
251  ' 
285 
208 
207 

256 
268 
273 
274 
279 
241 
271 
265 
263 

233 
204 
193 
202 
216 

290 
287 
313 
300 

223 
249 
238 
243 
262 
249 


Average 
Temp . 
°F 


45.6 
42.6 
42.3 
43.9 
43.3 
43.9' 
,43.1 
43.8 

45.2 
44.5 
42.5 
48:5 
43.9 

40:3 
40.5 
40.0 
41,.6 
40.9 
44.0 
39.7 
38.4. 
40.2 

47.5 
49.3 
52.6 
49.8 
47.8 

33.9 
32.7 
33.8 
34  K5 

44.7 

42.0 

42.fi 

42.0- 

42.4 

41.6 


Days 

Avera< 

C  i  ty 

Per 

Temp 

Season* 

°F 

OHIO  (cimt'd) 

Toledo 

258 

40.2 

Youngstown 

257 

41 .0 

OKLAHOMA 

Muskogee 

211 

47.9 

Oklahoma  Ci  ty 

lax 

46 .9 

Tulsa 

195 

46.6 

OREGON 

Astoria 

365 

51.3 

Baker  vs 

314 

42.4 

jj^  Eugene 

300 

49.1 

Me a cham 

345 

42.1 

Med  ford 

270  ' 

48. € 

Portland 

276  . 

50,0 

Salem 

2*92 

49.3 

"PENNSYLVANIA 

Allen  town 

,  251 

41.6 

A 1  toon a 

273 

42.6 

Erie 

258 

41.3 

Ham  sburg 

OA  1 

2?1 

43.2 

Lancaster 

257 

43.7 

Philadelphia 

228  ' 

45.2 

Pi ttsburgh 

23,4 

43.4 

Reading  • 

238 

43.  7 

Scran ton 

258 

4K6 

Wi  1 1  lamsport     *  . 

•  253 

41.7 

RHOuT  ISLANO 

Block  Island 

200 

44.1 

Providence        ^  . 

257 

43.2 

SOU  III*  CAROL  INA 

Cha rlcston 

165 

54.3 

Lolumbia  - 

181 

52.4 

Florence 

187 

51 .6 

Spartanburg 

201 

49.9. 

south  oakota  < 

• 

Huron 

265 

29.8 

,  Rapid  City 

-286 

26.3 

Sioux  Falls 

268 

.29.3 

TCNMESSLE 

Citattanuoga 

'  209 

48.8 

Knoxvllle 

209 

47.0 

Mcmph  i  s 

186 

48.8 

Nashville 

204 

47.8 

For  calculations  requiring  heating  'season  in  weeks/ divide  number  of  days  by  seven. 
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Table  4.  Continued. 


City 

Days 
Per 
Season* 

Averat 
Temp 

°F 

1 

TEXAS 

Abilene 

i  175 

49.8 

AmariUo  ' 

228 

45.9 

Aus  1 1 n 

SI  7 
j  J.  / 

121 

56.6 

Dallas 

162 

41/0 

El  Paso- 

183  » 

59.6 

Fort  Worth 

166 

50.8 

Galveston 

137 

56.2 

Kous  ton  . « 

1 38 

55  8 

Lubbock 

207 

47*.7 

«.  Palestine  JJ* 

160 

52.6 

Port  Arthur 

^43 

55.5 

San  Antonio 

145  . 

54.1 

Waco 

158" 

52.2 

Wichita  Falls 

184 

48.6 

UTAH  ' 

' Blanding 

273 

42.5 

Logan 

290 

41.7 

Ogden 

258 

49.4 

Salt  Lake  City 

252 

43.3 

VERMONT 
Burlington 
Northfield 

VIRGINIA 
Charlottesville 
Danville 
Norfolk 
Richmond 
Roanoke 

WASHINGTON 
Bell  Ingham  - 
Ellensburg 
Everett 
Olympia  #' 
Seattle-Tacoma 
Spokane 

WEST  VIRGINIA 
,  Charleston 
Fairmont 
Huntington 

*  For  calculations  requiring  heat^g^season 


City 


Days 
Per 
Season* 


281 
32lj 

238 
21 1- 
207 
216 
2ZS 

365 
295 
365 
365 
343 
301 

229 
246 
220 


Average 
Temp. 

PF  ' 


37.0 
38,6 

47.3 
48.4- 
49.9 
47.8 
46.6 

50.2 
42.8 
48*7 
49.j> 
49.6 
,42.2 

45.7 
44.5 
46.5 


City 


WEST  VIRGINIA 

(cont'd) 
Parkersburg 
Wheeling 

WISCONSIN 
Eau  Claire 
Green  Bay 
Madison 
Mi  lwaukee 
Oshkosh 
Sheboygan 

WYOMING 
Casper 
Cheyenne 
Lander 
Rock  Spring 
Sheridan 


Days 
Per 
Season* 


231 
276 

281 
284 
264 
271 
•280 
291 

296 
307 
298 
307 
29$ 


Average 
Temp. 
°F 


44.4 
46.1 

36.6 
35^ 
37.3 
39.4 
38.1 
39.6 

39.2 
40.4 
37.1 
37.4 
38.3 


in  weeks,  divide  number  of«days  by  seveo. 
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TABLE  5.    AIR  CONDITIONING  DATA.  ' 


Building  Type  '       f  , 

ft2/ton 

Hospitals 

27,0 

Schools  and  Colleges 

.  260 

Public  Office  Buildings 

340  ■ 

Nursing  Homes 

275 

'  x    f-      TABLE  6.    APPROXIMATE  POWER  INPUTS. 


* 

System"  . 

Total 
kW/ Design 
Ton 

Window  Units 

1.78' 

.Through-Wall' Units 

1.94 

Dwelling  Uni,t,  Central  Air-Cooled 

1.63  ^ 

Central,  Group,  or  Biriljding  Cooling  Plants 

(3  to  25  tons)  Air-Cooled 

1 .40 

(25  tp.  100*tons)  Air-Cooled  V 

1.39 

.  (25  to  100  tons)  Water-Cooled 

1.11 

(Over  100  tons)  Water-Cooled 

0.99 
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TABLE  7.    ESTIMATED  EQUIVALENT  FULL-LOAD  OPERATING  HOURS 
*  VOR  NORMAL  COOLING  SEASON. 


Albuquerque,  NM 

-  1500 

Indianapolis,  I»N 

1100 

Atlantic  City,  NJ 

650 

Little  Rock,  AR  • 

1900 

Birmingham,  AL 

17013 

Minneapolis,  MN 

600 

Boston,  MA  * 

800 

New  Orleans,  LA 

2100 

Burlington,  VT 

400 

New  York,  NY  , 

750 

Charlotte,  NC 

900 

Newark, ^NJ 

650 

Chicago,  IL 

750 

Oklahoma  'City,  OK 

1500 

Cleveland,  OH 

600 

Pittsburgh,  PA 

1050 

Cincinnati ,  OH 

'  1250 

Rapid  City,  SD 

900 

L0 1 UmO 1  a ,  oL 

1  s3UU 

lnc  onh  MO 
01.   UUb cpjl ,  rlU 

1  s3UU 

uorpus  unr 1 s u i ,  i  a 

ot.  retcrsDury,  tl 

c  \  uu 

Dallas,  TX  ^ 

1400 

*  San  Djego*  CA 

1250 

Denver,  CO 

\  600 
'.\800  ' 

Savannah,  GA 

1300 

Des  Moines,  I A 

s  Seattle',"^ ' 

800 

Detroit,  MI 

850 

Syracuse,  NY 

'  600 

Duluth,.MN 

-  4ey? 

Trenton,  ,NJ 

\  900  \ 

El  Paso,  TX 

1200 

Tulsa,  OK  * 

1850 

Honolulu,  HI 

'    2500  ' 

Washington,  DC 

950 

t 

J- 
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TABLE  8.    DATA  ON  NORMAL  COOLING  SEASON  FOR  SELECTED  U.S.  CITIES.** 


City 


Albany,  NY 
Albuquerque,  NM 
Atlanta,  GA 
Bismarck,  ND 
Boise,  ID 
Boston,  MA 
Billings,  MT 
Buffalo,.  N.Y 
Charleston,  SC 
Chicago,  IL 
Corpus  Christi ,  TX 
Dallas,  TX 
Denver,  CO 
Detroit,*  MI 
Ellsworth",  SD 
Fairchild,"  WA 
Greensboro,  NC 
Helena,  MT 
Kansas  City,  MO 
Kodiak,  AK 
Las  Vegas,  NV  -  ' 
Los  Angeles," CA  . 
Louisville,  KY     ' ■ 
Lubbock,  TX 
Memphis,  TN 
Mi  ami ,  FL 

Minneapolis,  MN  - 
New. Orleans,'  LA 
Omaha,  NB 
Pearl  Harbor,  HI . 
Phoenix,"  AZ 
Pittsburgh,  PA  . 
Portland,  ME^  ..• 
Portland,  OR 
Roosevelt  Rds-,  PR 

Sacramento,  CA  

Salt  Lake  City,  UT 
San  Diego,  CAt 
San  Francisco,  CA 
Traverse  City,  MI 
Tulsa,  OK 
Washington",  DC 


Cool ing\Season 
Length  i  15  Days' 


133 
189 
210 
126 
140 
.133 
126 
133 
252  . 
147 
301 
238 
161 
133 
140 
1*12 
196 
f05 
182 
7 

245  ' 

231 

182 

217 

210 

350 

133 

280  7 

161 

364 

287  ■ 

154 

105 

112 

364 

224  — 
140 
210 
168 
119 
210 
.168 


Average  Cooling 
Season  Temp. 


75°F 
80°  F 
79°F- 
78°F  . 
78°r 
75°F 
77°F 
74°F 
79°F 
76°F 
81°F 
$88°  F 
77°F^ 
75°F 
77°F 
75°F 
'79°F 
75°F 
80°F 
"  67°F 
'  88°  F 
71°F 
80°  F 
80°  F 
81°<F 
80°  F 
76°F 
80°  F 
78°F 
80°F 
87°F 
75°F- 
73°F 
72°F  . 
83°F 
84°  F 
79°F 
70°-F 
71°F 
74°  F 
81  °F 
77°F 


*  For  calculations  requiring  cooling  season  in  weeks,  divide  number1  of 
days  by  seven. 
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TABLE  9.    TOTAL  SOLAR  INSOLATION  Off  A  VERTICAL  SURFACE 

(Btu/yr/ft2). 


Degrees  Latitude 

East-  and  West-Facing 

North-Facing 

South-Facing 

353  300 

113,700 

354,600  

 -t-?T-  —  —  - — 

28° 

32^ 

36° 

40°  x 
44° 
48°' 
52° 

56°  ' 

 -, — ■             ■  ^  <v/  %y  -*  \J\J\J  ■ 

344,800 
336,300 

315,500 
306 ,  2^50 
297,000 
284,150 

271,300  / 

108,200 
102,700 
97,900 
93,100 
90,000 
86,900 
83,500 
80,200 

378,400 
402,100 
423,900 
/  445,600 
455,800 
466,100 
'458,600 
451  ,000 
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TABLE  10. 


me^  Percentage  of  possible  sunshine 
for  selected  locations... 


State  and  Station 

fears 

Jan. 

Feb. 

Mar. 

Apr. 

May 

June 

July 

Aug. 

Sept. 

Oct. 

NOV. 

Dec. 

Annual 

ALABAMA 

Binpingnam 

56 

43 

49 

"56~ 

63 

06 

6/ 

—62" 

55 

■  66 

Stir 

^*4 

— sr 

Montgomery 

49 

51 

53 

61 

69 

73 

72 

66 

69 

69 

71 

64  . 

•  48 

64 

ALASKA 

Anchorage 

19 

39 

46 

56^ 

58 

50 

51 

45 

39 

35 

32 

33 

29 

45^  * 

Fairbanks 

20 

34 

50 

61 

68 

55 

53 

\45 

35 

31 

28 

38 

29 

44 

Juneau 

14 

30 

32 

39 

37  , 

34 

35 

JU  • 

£3 

1  Q 

'  21 

18* 

JU 

29 

44 

46 

48 

53 

51 

48  . 

° 

26 

34 

35 

36 

30 

41 

ARIZONA 

\ 

j' 

64 

76 

79 

83 

88 

93 

94 

84 

84 

39 

88 

84 

77 

f  85  . 

Yuma 

52 

33 

37 

91 

94 

97 

98 

92 

.91 

93 

93' 

90 

53 

91 

ARKANSAS 

3  L 

L-ttle  20Ck 

56 

44 

53 

57 

52 

67 

72 

71 

73 

71 

74 

58  • 

-  47 

CALIFORNIA 

£ure<a 

49  , 

40 

44 

50 

53 

54 

56 

51 

46 

52 

48 

42 

'39 

49 

Fresno 

55 

46 

53 

72 

33 

39 

94 

97 

97 

93 

87' 

73 

47 

78 

Los  Angeles 

53 

70 

69 

9  70 

57 

68 

69 

30 

31 

80 

76 

79 

I C 

Kea  3IUT. 

J  j 

30 

60 

55 

75 

79 

86 

95 

'  94 

89 

77 

/64 

50 

75 

Sacramento 

43 

44 

57 

67 

76 

82 

90 

96 

95 

92 

82 

44 

77 

San  Diego  * 

63 

58 

67 

68 

66 

60 

60 

67 

70 

70 

70 

76 

*  71 

63 

San  Francisco 

54 

53 

57 

63 

59 

70 

75 

58 

63 

,  70 

70 

52 

54 

56 

Denver  . 

54 

57 

67 

65 

63 

61 

69 

58 

68 

71 

71 

,  57 

65 

57 

Grand  Junction 

57 

53 

.  62 

64 

57 

71 

79 

76 

72 

77 

74 

67 

53 

69 

46 

46 

Hartford 

48 

46 

55 

56 

54 

57 

60 

62 

60 

57 

55 

55 

DISTRICT  OF  COLUMBIA 

-  3 
30 

Washington  • 

56 

46 

'53 

56 

57 

61 

64 

64 

52 

62 

.*ol 

54 

47 

cL0RIDA 

k 

66 

i 
V 

Apalachicola 

25 

59 

52 

52 

71 

77 

70 

54 

\  63 

52 

74 

53 

m_ 
33 

Jacksonville 

50 

58 

-59 

66 

71 

71 

63 

62 

58 

58 

61 

53 

32 

Key  *est 

45 

68 

75 

78 

78 

76 

70 

69 

71/ 

65 

65 

69 

66 

/ 1 

Miami  3eacn 

48 

56 

72 

73 

73 

68 

62 

55 

5/ 

■  62 

62 

65 

65 

67 

Tampa 

53 

53 

67 

71 

74 

75 

66fc 

61 

64 

67 

67 

51 

58 

x  Atlanta 

*  55 

48 

53 

57 

65s 

68 

68' 

62 

f 53 

55*  , 

67 

60 

47 

50 

,  HAWAII 

r  -A 

39. 

riilo 

9 

43 

42 

41 

34 

31 

41  - 

44j 

38 

42 

41 

34 

36 

Honolulu 

53 

62 

64 

60 

32 

64 

66 

671 

70 

70 

II 

63 

60 

65  H 

Li  hue 

9 

48 

48, 

48 

46 

51 

60 

58] 

'59 

67 

51 

49 

54 

IDAHO 

46 

3oisa 

20 

40 

48 

59  • 

67 

68 

75 

89\ 

36 

31 

66 

37 

66  * 

PocateNo  * 

21 

37 

47 

58 

64 

f-66 

72 

82 

78 

66 
p 

48 

36' 1 

54 

ILLINOIS 

Cairo 

■  30 

46 

53 

'59 

65 

71 

'  77 

82. 

7y 

75 

73 

.36 

46 

65 

Chicago 

66  \ 

44 

49 

53 

56 

63/ 

69 

73 

70 

65 

61 

47 

41 

59 

SDringfleld  * 

59 

47 

51 

54 

58 

1 

£9 

76 

72 

73 

64 

53: 

-45 

60 

INDIANA 

52 

"42 

Evansv11le 

48 

42 

49 

55 

61 

67 

73 

76 

73 

67 

64 

Ft.  Wayne  ♦ 

48 

38 

44 

51 

55 

62 

.69 

69 

64  ' 

53 

41 

38 

57 

Indianapolis 

63 

41 

47 

49 

55 

62 

68 

74 

fO 

58 

64 

48 

59 
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Table  10,  'Continued, 


State  a'nd  Station 

Years 

Jan. 

Feb. 

Mar. 

Apr. 

May 

June 

July 

Aug-. 

Sept. 

Oct. 

Nov. 

Dec. 

Annual 

/ 

IOWA 
Des  vo:nest 

Sioux  City 

66 
34 
52 

55 
48 
55 

56 
52 
58 

56' 
52 
58 

59 
58 
59 

52 
50 
53 

65 
53 
67 

75 
73 
75 

70 

S7-, 

72 

64 
61 
67 

64 
55 
65 

53 
44 
53 

48 
40 
50 

62 
57 
63 

<ANSAS 
Concordia 
Dodge  City 
Wichita 

52 
70 
46 

50 
67 
61 

60 
66 
63 

62 
"68 
64 

63 
68 
64 

65 
68 
66 

73 
74 
73 

79 
78 
80 

76 
78 
77 

72*' 

76 

73 

70 
75 
69 

64 
70 
67 

9 

sa 

67* 
59 

67 
71 
69 

KENTUCKY 
Louisville 

59 

41 

r 

.  47 

52 

57 

64 

•68  . 

72  * 

69 
S 

60 
30 

68 

64 

5k 

39 

59 

r 

LQUlSi ANA 
•lew  Orleans 
Snreveoort 

59 

13 

49 

48 

50 
54 

57 

53^ 

63 
60 

55 

59  - 

64 
78 

* 

-64 
79 

70 
77 

60  i 
55 

46 
60 

59 

59  - 

*APiE 
•is:2orc 

53 

-15 

51 

52 

52 

51 

»\ 

55 

57 

54 

50 

-37 

40 

50 

.MASSACHUSETTS 
3oston 

57 

47 

55 

57 

55 

5i 
r 

62 

54  " 

53 

51 

53 

48 

48 

57 

**ICnI3AN 
Aloena 

3rand  3aoids 
*a-rajette 
Sauit  St.  Mane 

45 

59 
55 
55 
50 

29 
34 
26 
31 
28 

43 
42 
37 
40 
44 

52 
48 
48 
47' 

54 

56 
52 
54 
-52 
54 

59 
53 
50 
53 
54 

54 
55 
56 
56 
59 

70 
69 
'  72 
33 
53  . 

54 
66 
57 
57 
53 

52 
61 
58 
47 
45 

44 
54 
50 
33 

24 
35 
31 
24 
21 

22 
29 
22 
24 

22  - 

51 

53 
49 
47 
47 

MINNESOTA 
-.  Dulfcth 
'■Mr.neaoc  1 i  s 

49 
45 

47 
49 

55 
"54 

50 
55 

53 

58 
66 

50 
64 

53 
72 

53 
59 

53 
60  • 

47 

3  54 

36 
40 

40 
40 

»  55 
56 

MISSISSIPPI 

MISSCUS! 
Unsas  Ozj 

St .  uOU i S 

$cr;ngne!d 

-56 
59 

58  < 

46 

55 
48 

•50 

57 
49 

57 

59 
56 
57 

64" 

60' 
60 

59 

64 
,64 
53 

73 

70 
58 
69 

69 

76 
72 

72 

73 
68 
.  72 

74 

70 
67 
71 

71 

67' 

65 

65 

60 

59 
54 
58 

45 
> 

52 
/44 
'48 

64  ' 

65 
•  51 
63 

48- 

-54- 

i        1  I  ™  ~ 

navre 

-elena 

<ali3oell 

55 
55 
50 

49 
46 
28 

58 
55 
40 

61 

5fi^ 
49 

63 
>  50 

i] 

63 
59. 
>  58 

65 
53 
.  60 

78 
77 
77 

75 
74 
73 

64 
63 

6-1  , 

57 
57 
50 

48 
48 
28 

46 
V43 

62  , 

60 

53 

NE2RASKA 
t:ncoln 
Nortn  ?1at:e  ■ 

55 
53 

57  . 
63 

59 
..53 

60 
*  64 

60 

sz 

63 
64 

69 
72 

76 

i  78 

71 
74 

67 
72 

66 
70 

59- 
62 

55 
58 

a 

64 
68 

NEVADA  1  * 

Ely 
-  Las  /egas 
9eno  / 
Winnetnucca 

21 
19 
51 
.-53 

59 
52 

64* 
77 

X 

58 
7$ 
69 
64 

65 
31 
75 
70 

57 
85 
77 
76 

79 
91 
82 
33 

79 
84 
90 
90' 

31 
-.36, 
39 
90 

'  81 
92 
86 
86 

73. 
84 
76 
75 

H 

83 
68 
62 

62 

75 
56 
53 

72 

S2  • 
76  • 

74 

^ 

HEM  HAMPSHIRE 
Concord 

44  ■ 

48 

53 

55 

53" 

51 

56 

/57 

58- 

55 

*  50 

43' 

43 

52 

s/ 

NEW  JERSEY 
Atlantic  City 

52 

51 

57 

58 

59  . 

62 

-65 

67 

66 

63 

54 

58 

52 

60 

NEW  MEXICO ' 
Albuquerque 
Poswel 1 

28 
47 

70 
69 

72 
72 

72 
75 

7$ 
77 

«> 

79 
76 

84 
80 

^76 
76 

'75 
75 

81 
74 

80 
74 

7<> 
74 

70  ' 
#■ 

76 
74 

ERIC 
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Table  10.  Continued. 


State  and  Station 

Years 

Jan. 

Fee. 

Mar. 

Apr. 

May 

June 

July 

Aug,. 

Sept. 

Oct. 

Nov. 

Oec. 

Annual 

NEW  YORK 

57 

a 

* 

39 

38 

53 

.  Albany 
Bingnamton 

63 

43 

51 

53 

53 

62 

63 

61 

58 

54 

53 

31 

39 

41 

^4 

50 

56 

54 

3  1 

4/ 

CO 

44 

Buffalo 

49 

Jc 

**  1 

ZQ 

0  / 

7n 
/u 

57 

50 

51 

31 

28 

53 

Canton 

43 

37 

47 

SO 

48- 

54 

61 

63 

61 

54 

45 

30 

31 

49 

new  York 

83 

49 

56 

57 

59 

62 

55 

66 

64 

54 

61 

53 

50 

59 

Syracuse 

49 

31 

38 

45 

50 

58a 

64 

67 

'53 

56 

47 

29 

26 

50 

NORTH  CAROLINA 

62 

64 

48 

58 

Ashevi 1 1 e 

57 

48 

53 

56 

61 

64 

63 

59 

59 

59 

Raleigh  - 

61 

50 

56  • 

59 

64 

67 

62 

62 

63 

54 

62 

52 

61 

NORTH  DAKOTA 

j  / 

49 

48 

Bisaarck 

CC 
03 

52 

58 

tic 

JO 

30 

£1 
0  1 

TX 
l  J 

59 

52 

59  * 

59 

Oevils  Laxe 

55 

53 

60 

59 

60 

59 

62 

71 

67  . 

59  * 

•  56 

44 

45 

58 

fargo 

39 

47 

55 

55 

53 

62> 

63  , 

'  73 

6M 

oO 

57 

39 

46 

59 

y<illtston 

43 

51 

59 

60 

S3 

*K 

66, 

78 

75  J 

65 

60 

48 

48 

63 

CHIO 

57 

Cincinnati  4 
Cleveland 

44 

41 

46 

52 

56 

52 

59 

7<? 

58 

58 

60 

46 

39 

65 

29 

36 

45 

52 

.51 

67 

71 

53 

62 

54 

32 

25 

50 

Ooluntous 

65 

36 

44 

49 ' 

54 

*53 

1 

53 

71 

58 

56 

60 

44 

J3 

33 

OKLAHOMA  ~~ 

« 

53 

64 

53 

Oklanoma  City 

62 

57 

60 

65 

54 

65 

78 

78 

74 

57 

OREGON 
3axer 

46 

41 

49 

55 

61 

a 

67 

81 

74 

52 

'  46' 

37  \ 

"60 

Portland 
Roseburg 

29 

27 
24 

34 
32 

41 

40 

49 
51 

52 
57 

55 
59 

70 
79 

65 
77 

55 
.  53 

42 
42 

.28 
t  23> 

^23 

13 

48- 
51 

PENNSYLVANIA  / 

62 

.  53 

47 

43 

57 

Harrisburg  / 

50 

43 

S£ 

57  . 

61 

65 

>  68 

63 

Philadelon/a 

66 

45 

56 

57 

53 

61 

62 

.64 

61 

62 

.51 

53 

49 

57 

Pittsburgh 

53 

32 

45 

50 

St 

62  . 

64 

51 

62 

54 

39 

30 

51 

RHOCE  ISLW*  , 

oc 

■ 

50 

44 

56 

f    Block  I /land  ■ 

48 

45 

o4 

47 

DO 

oO 

fin 

0  u 

SOUTH  CAROLINA 

\ 

57 

68 

57 

* 

Charleston 

51 

■  58 

60 

65 

72 

73 

70 

66  x 

66 

68 

.  56 

Columbia 

55 

ft 

57 

62 

68 

'69 

'68 

63 

65 

64 

53 

64 

51 

53 

SOUTH/ DAKOTA  0 

7? 

66 

61 

49 

f 

63 

Huron 

52 

55 

62 

60 

62' 

66 

53 

76 

Rabid  City 

53 

58 

.  62 

63 

62 

'.61 

66 

73 

73 

69 

66 

/ 

*54 

64 

<ioxville 

52 

42 

49 

53 

59 

^4 

66  * 

->64, 

59 

64 

64 

41 

57 

vponis 

55 

44 

51 

57 

54 

63 

74 

73 

74 

70 

69 

53 

.  45 

64 

•uisnville 

63 

42 

47 

54 

60 

65 

69 

69 

68 

69 

55* 

55 

42 

59 

te/as 

71 

72 

Abilene 

14 

64 

68 

73 

66 

73 

36 

33 

85 

73 

56 

>  73 

/Arcanllo 

54 

71 

71 

75* 

75 

75 

82 

31 

81 

'79 

76 

75 

7d 

76 

.  /Austin- 

33L 

46 

50 

57 

60 

62 

S« 

76 

79 

70 

70 

-57 

49 

63 

/  Brownsville  ( 

37 

44 

49 

51 

57 

65 

78 

78 

67 

70 

54 

44 

61 

/  Oel  Rfo 

36 

53 

55 

61 

53 

60 

5.6 

75 

30 

69 

66 

58 

52 

53 

/  ELPaso 

53 

7A 

77 

81 

35 

87' 

87 

78 

78 

30 

82 

.  80 

73 

80 

/   Ft.  Worth 

33 

56 

•57 

65 

66 

,  67 

7.5* 

•  78 

78 

74 

70 

63- 

58 

58 

'  Galveston 

56 

50 

50 

55 

61  . 

'69 

76" 

.72 

71 

70 

74 

62 

49 

63 

j  *  San  Anfonio 

57 

48 

51 

>  56 

58 

60 

69 

*M 

75 

69 

67 

55 

49 

52 

/  UTAH           *  . 

73 

56 

49 

f      Salt  Lake  City 

22 

48 

53 

61 

.  68 

73 

78 

82 

82 

84 

r 

9 

FRir 
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Table  10.  Continued. 


State  and  Station 

Years 

Jan. 

Feb. 

Mar. 

Aor. 

May 

June 

Aug. 

Sept. 

Oct. 

Nov. 

Cec. 

4nnual 

VERMONT 

3urlmgton 

54 

34 

43 

48 

47 

53 

59 

52 

59 

51 

43 

25 

24 

46 

VIRGINIA      ,  , 

53 

Norfolk 

60 

sa 

57 

60 

63 

57 

56 

^  66 

64 

50 

51 

52 

Richmond 

56 

49 

'  55* 

59 

53 

57 

66  . 

65 

*  62 

63 

54 

53 

50 

» *61 

27 

North  Head 

44 

23 

37* 

42 

48 

48 

48 

50 

46 

48 

41 

31 

41 

Seattle 

26 

27 

34 

42 

48 

53 

48 

62 

56 

53 

36 

*  28 

24 

45 

Spokane 

62 

26  ■ 

41 

53 

63 

64 

68 

82 

79 

63 

"53 

28 

22 

58 

Tatoosh  Is  J  and 

49 

26 

36 

39 

47 

46 

43 

44 

47 

38 

26 

23 

40 

Wa.Ua  Wajla 

44 

„  24 

35 

51 

53f 

57 

72 

86 

34 

72 

59 

33 

20 

60 

Yakima 

13 

34 

49 

52 

70 

•  72 

74 

86 

36 

74 

*  61 

38 

65 

*ES7  VIRGINIA 

Hlkins 

55 

31 

37 

j« 

47 

55 

55 

56  ' 

53  ' 

55* 

*  51 

41 

33 

48 

**ari<ers&urg 
*ISC0NSI?f  * 

62 

•  30  ' 

36 

42 

49 

56 

50 

53 

60 

50 

'  53 

37 

29 

48 

.  53 

52 

40 

40 

Green  3ay 

5  7 

51 

55 

56 

58 

54 

70 

55 

55 

Madison 

'59 

44 

49 

52 

53 

53 

•  54 

70  , 

66 

50 

56 

41 

38 

56 

Milwaukee 

59 

44 

43 

53 

56 

60* 

65 

73 

57 

52 

56 

44 

39 

57 

"4YCHING 

Cheyenne 

53 

65 

'66 

64 

51 

59 

53 

70 

68 

69  s 

'  59 

65 

53 

00 

Under 

'57 

66 

70 

71 

55 

55 

74 

76  . 

75 

72 

57 

51 

52 

69 

Sheridan  ^\ 
Yellowstone  Par* 

52 

56 

61 

52 

51 

51 

ft 

76 

74 

57 

60 

53 

52 

64 

;s 

39 

51 

55 

57 

56 

53 

73 

71 

65 

57 

45 

38 

56 

°0ERT0  RICO 

'65 

San  Juan 

57' 

54 

J9 

71 

66 

ii 

52 

55 

57 

61 

53 

53 

65 

3ased  on  period  of  !»ec3rd  througn  Secerber  1959,  exceot  m  a  few  instances.  These  charts  and  tabulation 
derived  f^cm  'Noma's,  ^eans,  and  Extremes"  taole  in  J.S.  leather  Bureau  duo li cation  Local  CI imatoloqical 
Oata-  **  *  ' 


i 
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TABLE  11.    SHADING  COEFFICIENTS. 


v                   Glass*  • 

1/8"  Clear  Double  Strength 

1*00    .  ' 

1/4"  Clear  Plate* 

0.93 

-0.95  £ 

1/4"  Heat  Absorbing  Plate 

.  *  0.65 

-  0.70 

1/4"  .Reflective  Plate 

0.23 

-  0.56 

1/4"  Laminated  Reflective 

0.28 

-0.42' 

1M  Plpar  Tn<;ii  1  a ti  nn  Plate 

0.80 

-  0.83 

1"  Heat  Absorbing  Insulating  Plate 

0.43 

-  0.45 

1"  Reflective  Insulating  Plate 

0.13 

-  0.31 

* 

Shading  Device 

With  1/4"  Clear 

*P1  atp      1  ^  <r <r 
r  1  a  ic  oiqjj 

With  1"  Clear 
I nsul a ti  na'  Gl ass 

Venetian  Blinds  -  Light  Colored, 
Fully  Closed  - 

0.55 

■    .  0.51 

Roller  Shade  -  Light  Colored,^ 
Translucent,  Fully  Drawn        x  J 

0.39 

0.37 

Drapes  -  Semi -Open  Weave,  Average 
Fabric  Transmittance  and  Reflec- 
tance, Fully  Closed  { 

0.55 

h  '  '  - 
0.48 

Reflective  Polyester  Film 

0.24 

0.20, 

Louvered  Sun  Screens 

-  23  Louvers/In. 

0.15  -  0.35- 

0.10  -  0.29 

>    —.17  louvers/ 1  rr". 

<•            i  ■  

0.18  -  0.51 

0.12  -  0.45 
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TABLE  12.  '  MONTHLY  AND  ANNUAL  HEATING  DEGREE  DAYS  (BASE  65°F). 


l'J//-W/8 


y 


State  and  Station 


ALABAMA 
Birmingham 
lluntsville 
Mobile 
Montgomery 

ALASKA 
Anchorage 
Barrow 
Bethel 
Fairbanks 
Gulkana 
Juneau 
Kodlak 
Kotzebue 
Nome 

St.  Paul  Island 

Talkeetna 

Valdez 

ARIZONA. 

riagstaff 
,  Phoenix 

Tucson 

Wins low 

ARKANSAS 
Port  Smith 
Little  Rock 

CALIFORNIA  h 

Bakersfleld 

Eureka 

Fresno 

long  Be^ch 

Los  Angeles 

Oakland 
y  Sacramento 

San  Diego 

San  Francisco 

Stockton  A 

COLORADO 
Alamosa 

Colorado  Springs 
Denver. 

Grand-Junction 
Pueblo 


July 


0 
0 
0 
0 

75 
002 
269 
101 
217 
243 
321 
204 
274 
499 
145 
280 

9 

•  0 
0 
0 

0 
0 

0 
302 
0 
0 
1 

46 
0 
0 
103 
0 

19 

2 
2 
0 
0 


Aug. 


0 

Q 
0 
0 

^44 
632 
199 
124 
221 
196 
360 
183 
272 
420 
178 
305 

19 
0 
0 
0 

0 
0 

0 

200 
.  0 
0 
0 
14 
0 
0 
48 
0 

51 
22 
14 
I 
4 


Sept. 


0 
4 
0 
0 

421 
871 

520 
573 
575 
428 
446 
622 
598 
508 
551 
496 

157 
0 

'  0 
5 


0 
0 

0 
231 
0 
0 
0 
15 

17 
0 

55 
2 


246 
73 

J» 
17 
34 


Oct. 


176 
216 
73 
87 

820 
1382 
•1112 
1216 
1046 
695 
785 
1247 
1169 
862 
958 

432 
0 
I 

207 

142 
105 

12 

342 

•1 

19 
86 
68 
0 
139 
41 

621 
413 
358 
214 
343 


Nov. 


292 
367 
149 
164 

1486 
2099 
1619 
2184 
2105 
1062 
1026 
1845 
1619 
1043 
1714 
1210 

710 
42 
117 

593 

377 
370 

162 
408 
302 

55 
a  62 
257 
309 

37 
284 
284 

951 
784 
737 
736 
723 


Dec. 


640 
721* 
439 
479 

1659 
2256 
1673 
2480 
2415 
1423 
1163 
1984 
1756 
1045 
1830 
1422 

843 
155 
242 
716 

/73 
709 

21/ 
4c' 7 
417 
120 
120 
3*1 
472 
55 
385 
451, 

l?52 
938 
920 
975 
894 


Jan. 


967 
1062 
7*1 
756 

1349 
2202 
1421 
2013 
2152 
1233- 
894 
1612 
1.138 
968 
1455 
.1181 

1032 
"  254 
\365 


1143 
Ul?5 

ill 

403 
415 
265 
195- 
334 
451 
117 
381 
449 

1302. 
1231 
1206 
1090 
1228 


Feb. 


768 
855 
551 
601 

1077 
2223 
1463 
1712 
1620 
922 
884 
1807 
1487 
1049 
1159 
1008 

954 
172 
313 

720 

924' 
662 

241 
404 
343 
223 
184 
303 
362 
117 
335 
3511 

1103 

1036 
?36 
852 

1001 


Mar. 


'452 
514 
268 
326 

1100 
2346 
1577 
1576 
1502 
954 
911 
1985 
1682 
1216 
1214 
IU21 

756 
67 
144 
448 


51/ 
4  36 


82 
347 
143 

88 
116 
185 
-235 

52 
238 
191 

900 
741 
665 
561 

661 


Apr 


120 
129 
16 
50 


771 
1904 
1026 
89bv 
1013 
643 
752 
1408 
1195 
096 
8/7 
•  7M 

t 

677 

25  \ 

326 

113 

68 

'124 
415 
182 
104 

168 
213 
269 
43 
295 
212 

647 
4/9 
435 
373. 
J47 


42 
60, 
0 

2 

491 
1501 
645 
454 

-  671 
525 
650 
883 
705 

\  80J 

,  \ 

4>0 
\) 

j*M 
/  I75\ 


-  69 
48 

13 

J57 
19 
12 
46 
92 
46 
8 

161 
16 

516 
38G 
335 
210* 

?3« 


June 


0 
0 
.  0 
0 

308 

954 

590 

304 

429 

317 

43<k 

537 

60i> 

615 

3/2 

429 

12H 
0 
0 
0 


0 
264 
0 
5 
3 
5/ 
0 
0 
135 
0 

126 

8/ 
9 

f  $4 


Annual 
Tltal 


*  3457 
3928 
2227 
2465 

9701 
19172 
12114 
>  13635 
13966 

8681 

862ft 
14317 
12700 

9925 
10984 

9422 

6200 
715 
1270 

40VJ 


40/8 
3623 

1182  ' 
4100 
186/ 
861 
9,14 
1936 
2229  , 

429 
W9 
2004 

7734 
62<?3 
5733 
5046 
5S19 


Table  12.  Continued. 


1977-1978 


i 

s: 

00 
CO 


CO 


ERIC 


State  and  Station 

July 

Aug. 

Sept. 

Oct. 

Nov. 

Oec. 

Jan. 

feb. 

Mar. 

Apr. 

Hay 

June 

Annual 
Total 

Normals 
July-June^ 

* 

oil  uytpoi  i 

4 

3 

52 ' 

248 

970 

1 1 81 

106 

904 

536 

*  265 

43 

5784 

D'tU  1 

Ha  rt ford 

1 

3 

112 

399 

610 

1141 

1 276 

1 192 

920 

500 

220 

25 

6484 

6360 

DELAWARE 

/ 

T 

Wllmlpgton 

0 

1 

(  31 

353 

550 

975 

1165 

1179 

842 

'  43.K 

191 

17 

5737 

4940  ^ 

DISTRICT  OF  COLUMBIA 

N 

— 

Washington  Dulles  "*\ 

1 

-2 

23 

339 

521 

90S 

1163 

,  1066 

748 

317 

123 

14 

5302 

5010 

Washington  Natltfhal 

Fl  no  I  ha 
rLUKI  Vf\ 

0 

0 

1 

196 

406 

829 

1001  > 

933 

-  633 

219 

*  86 

0 

4304 

4211 

HJf  1 

roii  nyers 

o 

o 

o 

5 

'XA 

1 33 

212 

216 

69 

o 

0  * 

n 
u 

/  669 

jac*sonvi ■ ie 

o 

o 

o 

70 

l  it; 

1  JD 

,  36b 

508 

KM 

221 

22 

.0 

*  1807 

132/ 

Key  West  * 

0 

0 

0 

0 

0 

36 

92 

85 

10 

.0 

0 

0  ■ 

223 

64 

Hlafai 

0 

0 

0 

0 

6 

58 

123 

.  99 

34 

«  0 

"  0 

0 

320 

^  206 

Orlando 

0 

"  0 

0 

6 

38 

179 

275 

255 

71 

0 

*  0 

0 

.  824 

*  73 

Tallahassee 

'  0 

*  0 

0 

93 

175 

433 

620 

548 

271 

x    42  ' 

>  0 

2(82  * 

1563 

?  Tampa 

o 

0 

«  0 

18, 

53 

222 

,320 

}£L 

99* 

4 

0 

0 

'  1(U9 

718 

GEORGIA  . 

4 

Athens 

0 

0 

2 

'  !87/ 

298 

66J 

973° 

721 

410 

99 

38 

0 

3331 

2975 

Atlanta 

0 

0 

4 

17a' 

313 

701 

966 

714- 

412 

13/ 

57' 

0 

3482 

3095 

Augusta  • 

0 

0 

0 

153 

215 

5  78 

"  797 

689 

J80 

93 

33 

0 

2938*' 

2547  , 

Columbus 

0 

0 

no 

106 

530 

781 

6J4 

334 

63* 

1 1 

0 

2649 

2370 

JO  Vdllllull 

*  0 

o 

o 

96 

165 

457> 

_64S 

594 

283 

35 

2 

•0 

2277 

195? 

HAWAI 1  • 

<k 

Kilo 

0 

0 

0 

0 

0 

0  * 

0 

0 

0 

0 

0- 

0 

•  0 

0 

Honolulu* 

r  0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

{) 

Kdhulul 

0 

0 

0 

0 

0 

0 

ft  0 

•  0 

0 

0  <- 

0 

0 

0 

IDAHO 
Boise 

8 

32 

145 

362 

758 

Q53 

059 

744 

500 

488 

329 

74 

5152 

5833  • 

Lewlston 

16 

■17 

153 

435 

761 

068 

911 

673 

531 

441 

'272 

.  40 

5118 

5464- 

,  Pocatello 

r 

38 

189 

'  447 

831 

990 

•1045 

875 

678 

♦  567 

431 

119' 

6211 

7063  , 

ILLINOIS 

-Chicago 

0 

8 

42^ 

413 

741 

1,254 

1521 

1346 

1020  * 

518 

264 

46 

7*173 

'  649-7 

Ho line 

5 

50 

420 

780 

1337 

1417 

DB6 

423 

229 

13 

7285 

'  6390 

Peoria 

I 

6 

39 

418 

.73f 

1301 

1383 

1006 

405 

222 

14 

7123 

6098  * 

Htockford 

0 

20 

'  88 

488 

849 

1393 

1471 

1101 

519 

259 

29 

7875 

684*, 

Springfield 

0 

21 

,340 

V 

661 

I172( 

1348 

968^ 

334 

186 

4 

6557 

5558'* 

INDIANA 

Evansvllle 

0 

0 

3 

289 

495 

"  970 

1377 

1228, 

774 

233 

*  137 

V 

'5506 

4624*  ' 

Fort  Wayne  , 

2 

11, 

62 

429 

694 

1218 

1509 

1482 

1051 

485' 

224 

26 

7193 

6209  " 

Indlanapol Is 

0 

0 

30 

326 - 

575 

1104 

1443 

"1313 

873 

292 

'150 

4 

6110 

5577 

South  Bend 

2 

18 

58 

443 

669 

1206 

1436 

1401 

1041 

480 

233 

41 

"  7028* 

6462 

60,0 


*  Table  12.    Continued.  . 


m 


State' and  Station 

Aug. 

Sept. 

Oct. 

Nov. 

Dec  « 

Jan. 

Feb. 

Mar. 

Apr. 

May 

Jjune 

Annual 
Total 

Norma 1 s 
July-June 

IOWA 
Oes  Moines 
{Dubuque»  " 

ftS^ux  City 
Waterloo 

' 

0 

.  1 

0 

2 

j 

43* 
9 
56 

v* 
j  j 

121 

55 

.  144 

388 
500 
428 
584 

769 
924 
878 
923 

1289 
1472 
1309 
1490 

1667 
1770 
1778 
1932 

1442' 
1491 
1534 
1610 

988 
1122 
1007 
1133 

627 
521 
487 
539 

181 

268 
194 
224. 

9 
41 
33  • 
23 

% 

r 

7198 
8274 
7712 
8660 

6710 
7277 
695J 
7415 

1 

* 

KANSAS 

LUIILUI  d 

Good  land 

Topeka 

Wichita 

o5 

2 
0 

*  0 

0 
10 
0 
0 

23 
40 
6 

291 
377 
263 
176 

703 
776 
662 
558 

1085 
1033 
1075 
926 

1512 
1431 
1473 
1375 

1299 
1263 
1240 
U49 

803 
782  ■ 
824 
663 

326 
456 
280 
194 

162 
315 
156 
112 

9 
50 
6 
6 

£213 
653b 
5985 
5160 

5623 P 
6119 
5243 
4687 

KENTUCKY 
Covi nylon        •  0 
Lexington 
.touts  vl  He 

<0 
0 

!  o 

2 

0' 
0 

32 
9  6 
4  6 

391  ' 

2/7 

295 

586 
498 
472 

1118 

972 
935 

1440 
1338 
1294 

1303 
1219 
1145 

880 
755 
720 

346 
254 
221 

207 
179 
142 

It) 
6 
1 

6315 

01)1)4 

5231 

5070 
\  4640 

LOUISIANA 
Baton  Rouye 
Lake  Charles 
New  Orleans 
Shreveport 

0 
0 
0 

> 

0 
0 
0 
0 

0 
0 
0 
0 

56 
36 
43 
72 

VT4 
136 
113 
260 

38/ 

367 

342 

549 
« 

694 
682 
64& 
*93J 

546 
539 
556 
746 

QIC 
C  JO 

191 
374 

29 

99  ' 

2 
61 

2 
2 

0 
JO 

0 

o 

0 
0 

2116 
2020 
1893 
3025 

1670 
1498 
146b 
2167 

MAINE 
Caribou 
Portland 

•jo* 
29 

93 
54 

408 
233 

657 
518 

944^ 
761 

1489 
1219 

1702 
1353; 
<• 

1467- 
1276* 

1364 
1071 

894 
724 

333 
-377 

156 
136 

9563 
7749 

96  3? 
7498 

* 

MARY  I  AND 
Baltimore 

0 

0 

9  * 

r  278 

4/6 

904 

1101 

1048 

/lb 

318 

141 

9 

4999 

4724 

MASSACHUSETTS 
Blue  Mill 
Boston 
Worcester 

m  7 

0 

*  16 

17 
4 

32 

148 

QC 

189 

,  419 
.  481 

640 
711 

1109 
948 
1202 

12*8 
1127 
1359 

1188 
1057 
1255 

997 
885 
1054 

618 
.  480^ 
6/4 

284 
209 
288 

50 
Id 
69 

6/55*° 

561b 

7330 

6335 
5621 
6848 

MICHIGAN 
Detroit  Metro 
Flint 

Grand  Rapids 
Lansing 

Sault  St.  Marie 

1 

7 

3 
7 

111 

*.  17 

35 
48 
50 
246 

85 

Q7 
*  • 

99 

118 

33b 

524 
496 » 
501 
514 
621 

^  729 
«<?01 
759 
757 
910 

1218 
1210 
1204 
122b 
1396 

1400 
1444 
1407 
1461 
1675 

1357 
1438 
1413 
1496 
1503 

1077 
1178 
1140 
121b 
1377 

580 
632 
584 
62/ 
889 

235  . 

238 

213 

244 

3J3 

65 
87 
6* 
84 
270 

,  7288 
7563 
7433 
7W9 
9666 

6419 
7041 
6*01 
6904 
9193 

f 

MINNESOTA 
Duluth 

International  falls 

Minneapolis 

St.  Cloud 

46 
34 
"  0 
6 

196 
246 
35 
90 

J47 
36/ 
14b 
191  * 

636 
666 
548 
582 

1101 
1266 
1016 
1103 

1662 
1908 
1665 
16/4 

1852 
2126 
1842 
,1911 

1520 
1745 
1488 
1561 

1212 
M3*6 
1080 
1169 

0 

794 
832 
584 
683 

< 

J24 
312 
%  162 

176 
195 
46 
92 

9866 
11133 
8511 
9300 

9756 
10547 
8159 
0  8868 

MISSISSIPPI 
Jack son 
Meridian 

0 
0 

0 
0 

0 

0' 

136 
108 

246 
2005 

5JH 
51/ 

881 

808 

TtJb 
•714 

J/7 
'  4b7 

.73 
III 

11 

*< 

# 

'  0 

0 

2971 
2941 

2300 
2388 

Table  12.  Continued. 


State  and  Station 


MISSOURI 
Columbia  Regional 
Kansas  City 
St.  Louis 
Springfield 


MONTANA  ~ 
Billings 
Glasgow 
Great  Falls 
Havre 
Helena 
Missoula 

NEBRASKA 
Lincoln 
Norfolk 
N North  Platte 
Omaha 

Scottsbluff 

NEVADA 
Ely  - 
Las  Vegas 
Reno 

NEW  HAMPSHIRE 
Concord 

Mt.  jtashington 

NEW  JERSEY 
Atlantic  City 
Newark 
Trenton « 

NEW  JHEXICO 
AlbViquerque 
Clayton 
RoSweH 

NEW  YORK 
Albany 
Buffalo 
Rochester 
Syracuse 


July 


0 
0 
0 
0 

0 

32 
37 
20 
52 
59 

'  0 
0 
2 
0 
0 


9 
0 
10 

37 
538 

2 
0 
0 

0 
0 
0 

7 
5 
0 
14 


Aug. 


0 
0 
0 
0 


59 
140 
119 
9* 
92 
76 

0 
5 

34 

3 
23 

43 
0 
12 

58 
551 

0 
0 

\  o 

0 
3 
0 

51 
40 
44 
60 


Sept. 


14 
21 
11 
4 


208 
292 
280 
230 
270 
310 

42 
45 
96 
28 
72 


238 
0 

154 


222 
768 


28 
50 
38 

1 

17 
O 

156 

no 

H3 
I2l 


Oct. 


287 
293 
29 1 
233 


(463 
583 
527 
531 
593 
637 

413 
423 
458 
361 
407 

535 
3 

392 

551 
1091 

311 
319 
321 

192 

268 
68 

471 
473 
477 
444" 


Nov. 


591 
673 
601 

522 


988 
1208 
1021 
1124^ 
1008 
1001 

793 

m 

869 
754 
800 

850 
226 
687 

760 
1233 

457 

J*1 
519 

551 
637 
349 

666 
646 
«  634 
624 


Dec. 


1053 
1094 
-T059 
906 


1380 
1752 
,1502 
1640 
1367 
1245 

1230 
1318 
1236 
4196 
1131 

1056 
399 
821 

1360 
1796 

910 
975 
944 

752 
806 
551 

1179 
1146 
1127 
1162 


Jan. 


1378 
1487 
1401 
U96 


1668 
2081 
1776 
1936 
1485 
1259 

1703 
1756 
1662 
1637. 
1444 


1101 

522 
858 

1466 
1924 

1069 
1168 
1134 

870 
1148 
895 

1340 
1376 
1298 
1348 


Feb. 


1206 
1266 
1223 
1172 


1366 
1610 
1410 
1473 
1175 
1050 

1447 
1477 
1400 
1375 
1199 


959 
356 
739 

1435 
1855 

1146 
1099 
1080 

713 
968 
593 

1306 
1378 
1360 
1322 


Mar. 


1977-1978 


842 
840 
840 
763 


933 
1252 

966 
UO? 

806 

771 

.972 
965 
924 
910 

752 


,742 
168 
544 

1138 
1805 

826 
814 
800 

454 
627 
294 

\<h\ 

1130 
1087 
1097 


Apr. 


260 
291 

2/5 
2&0 


545 
628 
622 
546 
512 
564 

410 
471 
,491 
372 
458 

716 
91 
582 

725 
1393 

463 
411 
4)8 

215 
314 
45 

642 
670 
634 
677 


May 


161 

172 
158 
\%\ 


357 
319 
421 
206 
361 
511 

193 
187 
275 
160 

286 

521 
16 

387 

t 

270 
861 

256 
190 
189 

175 
236 
39 

245 
282 
220 
252 


June 


97 
111 

106 

n 

87 
171 

27 
28 
71 
17 
54 

172 
0 

113k 

72 
634 

24 
13 
,  15 

2 
36 
3 

84 
'  81* 

63 
92 


Annual 
Total 


5795 
6151 
5864 
5395 


8064 
1008 
8787 
9074 
7808 
7654 

7230 
7557 
7518 
6813 
6626 

6942 
]781 
5299 

8094 
14449 

5492 
5^66 
5458 

3930 
5060 
2837 

^7198 
7337 
7066 
7213 


Normals  * 
July^ June 


5078 
5357 
4750 
4570 


7*65 
8969 
7652 
'  8687 
8190 
7931 


6218 
6981 
6743 
6049 
6774 

7814 
2601 
6022 

7360 
13878 

4946 
5034* 
4047 

4292 
5207 
3697 

6888 
6927 
6719  . 
6678 


602 


T3 


00 

m 
> 
i 

s: 

CO 


Table  12,  Continued, 


State  and  Station 


NORTH  CAROLINA 
Ashe vl lie 
Charlotte 
Greensboro 
Raleigh 

NORTH  DAKOTA 
Bismarck 
Fargo 
Uilliston 

OHIO  * 
Akron 

"Cleveland' 
Columbus 
Dayton 
Toledo 

OKLAHOMA  * 
Oklahoma  City 
Tulsa 

OREGON  , 
Eugene 
Hedford 
Pendleton  - 
Portland 
Salem 

PENNSYLVANIA 
Erie 

Harrisburg 
Philadelphia 
,  Pittsburgh 
Scran ton 

RHODE  ISLAND 
Block  Island 
Providence 

SOUTH  CAROLINA 
Charleston 
Columbia 


iiy 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

Jan. 

Feb. 

Mar. 

0 

0 

14 

331 

466 

868 

1101 

878 

586 

862— 

 7S5 

473 

O- 
0 

0 
0 

J 
7 

t  la 

307 

459 

690 
321 

1039 

927 

605 

0 

0 

4 

283 

411 

\ 

768 

914 

883 

* 

514 

17 

111 

246 

574 

1153 

1687 

2066 

1564 

1143 

7 

55 

211 

549 

1178 

1817 

2061 

1721 

1284 

8 

131 

CO  1 

Off 

1  91  9 

17£Q 
f  /  Oj 

2091  * 

1600 

1148 

4 

21 

68 

458 

632 

1130 

1413 

1366 

1013 

4 

26 

60 

378 

692 

1103 

1387 

1343 

1005- 

\ 

*  17 

36 

394 

594 

1091 

1420 

1346 

938 

0 

7 

45 

403 

605 

1108 

1428 

1339 

927 

3 

29 

71 

qui 

^711 
/ 1  J 

1  OX  1 

1484 

1101 
1  1  C  1 

0 

0 

.  0 

1)5 

420 

766 

1192 

990 

493 

0 

0 

1 

1  1  o 

A  1  O 

on  i 
OU  1 

1  c  JO 

541 

68 

20 

"  178 

.385 

*637 

675 

690 

,576 

508 

14 

4 

105 

360 

673 

69* 

646 

571  ( 

444 

20 

35 

200 

461 

792 

927 

•101 1 

714 

593 

40 

19 

131 

339 

644 

/07 

764 

561 

485 

57 

23 

181 

392 

606 

670 

727 

547 

5»3 

9 

51 

110 

477 

636 

1131 

1395 

1408- 

1143 

0 

5 

35 

377 

562 

1029 

1196 

1175 

810 

0 

0 

-24 

328 

558 

998 

1139 

1121 

797 

11 

41 

78 

442 

583 

1043 

1307 

1229 

860 

14 

37 

119 

505 

653 

1090 

1252 

1279 

984 

0 

3 

84 

301 

508 

899 

1104 

1073 

.946 

0 

6 

103 

368 

568 

1030 

1231 

1192 

964 

0 

0* 

0 

112 

175 

459 

663 

616 

309 

0 

ot 

1 

192 

277 

629 

850 

741 

418 

Apr. 


241 

-140- 
245 
196 

663 

66&. 

655 

533 
534 
124 
395 

673 

^110 

503 
451 
504 
430 
476 

688 
414 
421 
412 
562 

624 
542 

52 
109 


May 


139 

-72 
131 
83 

257 
209 
252 

247 
218 

223 
205 
243 

64 
67 

375 
262 
322 
317 
316 

303 
173 
161 
209 
240 

358 
238 

18 

37 


June 


0 
0 
4 
0 

105 
90 
91 

51 
43 
23 
15 
43 

0 
0 

102 
44 
46 
58 
51 

84 
17 
10 

38 
73 

72 
26 

0 
0 


Annual 
Total 


4624 
3596_ 
4545 
4056 

9586 
9890 
9791 

6936 
6693 
6507 
6477 
7492 

4130 
4275 

4717 
4268 
5625 
4495 
4559 

2435 
5793 
5559 
6253 
6808 

5972* 
6268 

2404 
32$4 


J97M978. 

Normals 
Ju1y*June 


.'603 


ERJC 


Table  12.  Continued, 


1977-1078 


State  and  Station 

July- 

Aug.  ^ 

^Sept. 

Oct, 

Nov. 

Pec*.  * 

cnilTU  ftAVftTA 

Huron 

CI 

cry; 

DUO 

lUUc 

1 530 

]  „ 

\  48 

163 

494 

944 

1 330 

j 1  Qua  r  a II  5 

A 

22 

125' 

530 

1000 

1 503 

TENNESSEE 

Bristol 

0 

0 

19 

359 

455 

913 

Knoxville 

0 

0 

3 

242 

374 

764 

Memphis 

0 

0 

0 

123. 

313 

640 

Nashville 

.  0 

0 

'  3 

255  ' 

425 

'813 

O^lc  Ridae 

viik  r\iuyc 

0  ' 

0 

10 

352 

448 

890 

TEXAS 

«  1 

Amarll  lo 

0  . 

0 

1 

.  150 

522 

768 

Aus  tin 

0  - 

0 

0 

16 

136 

354 

Browns vi  1 1e 

0 

0 

0 

0 

25 

101 

Corpus  Christ  1 

0 

0 

0 

4 

56 

160 

Dallas/Ft.  Worth 

0 

0 

0 

0  55 

257 

536 

El  Paso 

0 

0 

0 

56 

328 

Galveston 

0  * 

0 

0 

.  6 

63 

238 

-Lubbock 

0 

0 

0 

80  * 

373 

611 

Midland 

0 

0* 

0 

47 

295 

478 

Jon  /t^ioniu  4 

0 

Q 

0 

T9 

1 38 

360 

UTAH 

Ml  1  ford 

•  0 

16 

110 

399 

782 

898 

.    Salt  Lake  City  , 

0 

11 

73 

282  _ 

670 

835 

VERMONT         ,  ^ 

« 

Burlington  ' 

24 

53  • 

„  207 

564 

740 

1314- 

VIRGINIA 

Norfolk _ 

-0  " 

0 

0 

158 

*  321 

661 

Richmond 

0 

0 

4 

2£9 

401 

784 

Roanoke 

'  0 

0 

18 

350 

496 

896 

Wallops  Island 

0 

0 

7 

259 

436 

818 

WASHINGTON 

Olympia 

166 

90. 

502  ' 

734 

829 

„  Seattle  , 

78 

41 

®I85 

387- 

609  ' 

704 

Spokane 

57 

56 

289 

563 

921 

1197 

Yakima 

/ 

*     32  - 

24 

217 

491 

862 

;  -968 

Feb. 

Mar. 

Apr. 

May 

June 

624 

247 

89 

]  IP  \ 

1  JO  A 

912 

588 

31 2 

91 

1676  \ 

1 UO  J 

0 1  j 

252 

78 

1005 

\620 

286 

130 

4 

846 

187 

148 

74 

0 

835 

454 

74 

47 

Q 

996 

556 

164 

92 

,  0 

946 

577 

232 

110 

2 

972 

551 

136 

139 

6 

561 

225 

15 

7 

0 

286, 

66 

6 

0 

0 

382 

101 

17 

0 

0 

786 

346 

54 

41 

0 

449 

200 

57 

22 

0 

501 

204 

16 

2 

0 

864 

419 

75 

64 

0 

586 

245 

49 

30 

0 

521 

192 

27 

4 

0 

794 

611 

533 

377 

42 

697 

522 

433 

293 

36 

1547 

1202 

781 

225 

90 

902 

580 

235 

72 

3 

964 

627 

235 

88 

5 

989 

-637 

261 

IK 

4 

963 

687 

308 

196 

9 

596 

587, 

502 

367 

91 

522, 

487, 

423 

307 

70 

862 

701 

576 

412 

101 

753 

588 

464 

311 

73 

^Jan 


2s 


Annual 
Total 


.  Normals 
\July-June 


2007 
1669 
1957 

1207 
1097 
995 
1152 
1161 

1107 
750 
342 
502 

*962 
603 
606 

1014 
823 
667 


973 
880 


1539 

860 
974 
1147 
968 

711 
657 
1154 
992 


8880 
7935 
3719 

,  4998 
4035 
3481 
4456 
4728 

4352 
2064 
826 
1222 
3037 
2187 
1636 
35JD0 
2553 
1928 

5535 
4732 

8286 

3792 
4341 
4910 
4651 

5417 
4470 
6889 
5775 


- 

•    '  604 


oo 
cr> 

m 

t 

00 


Table  12.  Continued. 


1977-wa 


State  and  Station 

July 

Aug. 

Sept. 

Oct, 

Nov. 

Dec. 


Jan. 

Feb. 

Mar. 

Apr. 

May 

June 

Annua  1 
Total 

Normals 
July-June 

WEST  VIRGINIA 



1310 

5615 

Beck  ley 

8 

U 

67 

4  79 

564 

997 

1211 

801 

366 

,216 

*  56 

6095 

Charleston 

0 

2 

19 

357 

482 

919 

1249 

1138 

691 

258 

137 

23 

5275 

4590 

Huntington 

0 

0 

35 

332 

455 

919 

1232 

1122 

698 

254 

164 

12 

5223 

4624 

Parkersburg 
WISCONSIN 

0 

0 

12 

351 

518 

989 

1292 

1185 

788 

338 

168 

21 

5662 

4817 

Green  Bay 

3 

64 

,  162 

544 

912 

1454 

1658 

1500 

1227 

733 

279 

107 

8673 

8098 

"   La  Crosse 

1 

40 

122 

48(8 

93£ 

1483 

1804 

1515 

M106 

565 

209 

36 

8305 

7417 

Had! son 

6 

95 

161 

533 

925 

1404 

1688 

1466 

1096 

608 

269 

59 

8310 

7730 

Milwaukee 

8 

47 

106 

485 

827 

1302 

>  1531 

1356 

1086 

667 

335 

81 

7833> 

7444 

WYOMING 

Casper 

3- 

51 

164 

492 

945 

1240 

1481 

1191 

854 

605 

4/1 

.  107 

7604 

7555 

Cheyenne 

21 

74 

w  150 

511 

910 

1108 

1324 

1115 

840 

627 

49) 

157 

732tf 

7255 

Lander 

2 

50 

183 

986 

1193 

1466 

1192 

823 

586 

490 

127 

7869 

Sheridan 

12 

73 

233 

528 

1001 

1452 

1654 

1323 

951 

543 

463 

153 

0386 

7708  . 

6  $5 


9 

ERIC 


TABLE  13.    MONTHLY  AND  ANNUAL  COOLING  DEGREE  DAYS  (BASE  65°F). 


1976 


State  and  Station 


ALABAMA 
Birmingham 
tfuntsville 
Mobile  * 
Montgomery 

ALASKA 
» Anchorage 
Barrow 
Bethel 
Fairbanks 
Gulkana 
Juneau 
Kodlak  • 
Kotzebue 
Nofpe 

St.  Paul  Island 
Summit  ' 
Tackeetna 
Valdez 

ARIZONA 
Flagstaff 
Phoenix 
Tucson 
Winslow 

ARKANSAS 
Fort  Smith 
Little  Rock 

CALIFORNIA 
BakersfJeld 
Eureka 
Fresno 
long  Beach 
Los  Angeles 
Oakland 
Sacramento 
San  Diego 
San  Francisco 
Stockton 

COLORADO 
Alamosa 

Colorado  Springs 
Denver 

Grand  function 
m  Pueblo 


Jan. 


0 
0 
0 
0 
0 
0 
0 
0, 
0 
0 
0 
0 
0 

0 
6 
2 
0 

0 
0 

0 
0 
0 
34 
29 
0 
0 
14 
0 
0 

0 
0 
0 
0 
0 


Feb.  Mar 


8 

3 

17 

3 


25 
14 
74 

23 


0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

i 

0 
34 
14 

0 


Apr. 


27 
8 
160 
34 


0 
169 
89 
0 

3* 
37 

34 
0 

16 
8 
1 
0 
B 
3 
0 
0 

0 
0 
0 
0 
0 


May 


48 
43 
245 
75 


0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
495 
306 
45 

54 
65 

326 
0 
162 
56 
1 

21 
167 
31 
21 
81 

0 
0 

3 
32 
9 


June. 


i 

290 
257 
454 
367 


0 
0 
0 
2 
0 
0 
0 
0 
0 
0 
0 
1 
0 

15 

692, 
557 
209 

239 
292 

447 
0 
254 
215 
111 
75 
278 
147 
88 
248 

1 

66 
112 
195 
163' 


July 


418 

380 
578 
482 


3 
0 
0 
23 
8 
3 
5 

kO 

0 
0 
"0 
0 
0 

70 
833 
597 
413 

435 
480 

643 
-  0 
466 
271 
163 
6 

363 
19*6 
,  4 

392 

25 
227 
•324 
460 
365 


Aug. 


376 
360 
504 
436 


0 
0 
0 
14 
0 
3 
0 
0 
1 
0 
0 
4 
0 

13 
804 

636 
298 


388 
434 


445 
0 

246 
295 
141 

29 
270 
240 

23 
208 

0 
114 

176 

324 
239 


Sept. 


219 
T42 
321 
287 


0 
0 
0 
0 
0 
0 
0 

0. 

0 
0 
0 
0 
0 

0 

548 
386 
84 

187 

220 

406 
0 

228 
286 
167 

35 
213 
269 

33 
273 

0 
28 
52 
103 
76 


Oct. 


15 
8 
48 
23 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0. 
0 
0 
0 

0 
289 
139 

0 

16 

42 

204 
0 

73 
232 
143 

32 

83 
200 

23 
121 

0 
0 
0 
0 
0 


Nov. 


0 
0 
0 
"0 
0 
0 
0 
0 
0 
0 

0 
0 

'  0 
91 
34 

..° 

0 
0 

32 
"  0 
0 

85 
96 
0 
8 
102 
0 

& 
o' 

0 
0 
0 
0 


Dec. 


0 
0 
0 
0 
0 
0 
0 
0 
0- 
0 

0 
0 

0 
.  0 
0 
0 

,0 
0 

0 
0 

*• 

3 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 


Annual 
Tdtal 


Normals 
Jan. -Dec. 


1427 
1215 
2405 
1730 


 3~ 

0 
0 
39 
8 
6 
5 
0 
1 
0 
0 
5 
0 

98 
3965 
2760 
1049 

1365 
1602 

2558 
0 

1437 
•1499 
864 
198 

1391 

1212 
192 

1H03 

26 
435 
667 
1114 

852 


606- 


V 


Table  13.  Continued. 


*T3 

m 


00 
00 

rn 
i 

00 


1976 


State  and  Station 

Jan. 

Feb. 

Mar. 

Afrr. 

May 

June 

July 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

Annual 
Total 

Normals 
Jan. -Dec. 

CONNECTICUT 
Bridgeport 
Hartford 

0 
0 

0 
0 

0 
0 

10 
47 

6 

18 

205 
257 

204 
236 

266 
208 

78  s 
47 

6 
6 

0 
0 

0 
0 

775 
819 

735 
584 

DELAWARE 

37 

25 

260 

291 

276 

,  106 

6 

0 

0 

1003 

992 

W  lifting" ton 

0 

0 

0 

DISTRICT  OF  COLUMBIA 
Washington  Dulles 
Washington  National 

0 
0 

*0 

4 

0 
1 

28 
92 

24 
86 

208 
383 

*  232 
424 

215 
370 

65 
179 

.  7 
15 

0 
0 

0 
0 

779 
1554 

940 
1415 

FLORIDA 

Fort  Myers 

Jacksonville 
'  Key  West 

Miami 

Orlando 

Tallahassee 

Tanpa 

42 
0 
133 

92 

18 
0 

17 

86 

16 
175 
144 

75 
4 

63 

213 
•  85 
382 
336 
194 
51 
199 

193 
60 
343 
309 
196 
94 
175 

386 
213 
487 
424  ' 
•  374 
241 
348 

4?3- 
350 
476 
429 
449 
39$ 
424 

521 
528 
611 
569 
549 
537 
525 

531 
462 
598 
530 
529 
526 
517 

436 
360 
565 
470 
474 
367 
440 

246 
85 
453 
361 
247 
57 
202 

122 
13 
289 
209 
65 
14 
03 

66 
7 

198 
141 

49, 
6 

45 

3265 
2179 
4710 
4014 
3219 
2292 
3018 

3711 
2590 
4888 
4038 
3220 
2503 
3366 

rc  nun  a 

Athens 
Atlanta 
Augusta 
Columbus 
Savannah  , 

0 
0 
0 
0 
0 

2 
1 
0 
5 

12 

11 

8 

30 
25 
68 

50 
30 
51 
63 
53 

89 

67 

127 
119 
164 

282 
273 
320 
351 
331 

410 

359 
"  482 
493 
526 

376 
346 
419 
460 
416 

177 
159 

228 
282 
306 

18 
11 

34 
36 
70 

0 
0 
0 
0 

2/ 

0 
0 
0 
0 
1 

1415 
1254 
1691 
1834 
1954 

1722 
1589 
1995 
2143 
2317 

HAWAI I 

*  Hilo 
Honolulu 
Kahului  , 

201 
278 
196 

186 
209 
'  196 

2)4 
275 
248 

2*2 
311 
283 

255 
393 
315 

268 
402 
329 

302 
464 
423 

355 
498 
456 

364 
479 
424 

357 
446 
411 

291 
315 

300 

261 
325 
309 

3276 
'4395 
3890 

.3066 
4221 
373? 

V 

IDAHO 
Boise 

Ipwi^tnn  * 

Pocatello 

0 
0 
0 

0 
0 
0 

0 
0 
0 

0 
0 
0 

19 
15 
1 

66 
62 
46 

263 
288 
?27 

130 
178 
70 

55 
139 
28 

2 
5 
0 

6 

0 

0 

0 
0 
0 

535 
687 
*  372 

714 
&57 
,4)7 

ILLINOIS 
Chicago 
Moline 
Peoria 
Rock ford  - 
Springfield 

0 
D 
0 
0 
0 

0 
0 
0 
0 
0 

0 
0 
0 
0 
3 

36 
26 

2a- 

21 

28 

6 
12 
14 

3 
>34 

178 
175 
176 
137 
228 

286 
341 
326  . 
270 
393 

196 
221 
180 
159 
214 

56 
72 
62 
31 
•98 

8 
13 
14 

5 
23 

0 
0 
0 
0 
0 

0 

.  0' 
.  0 
0 
0 

766 
860 
800 
626 
1021 

004 
893 
908 
714 
1116 

INDIANA 
Evansvllle 
Fort  Wayne 
Indianapolis 
South  Bend 

0 
0 
0 
0 

0 
0 
0 
0 

6 
0 
0 
1 

47 
26 
21 
37 

40 
9 

15 
13 

258' 
193. 
198 
192 

379 
254 
284 
249 

274 
140 
205 
150 

98 
38 
43 
36 

10 
4 
4 

4 

0 
0 
0 
0 

0 
0 
0 
0 

1112 
064 
770 
682 

1304 
748 
974 

095 

607 


Table  13.  Continued. 


\ 


m 
> 


State  and  Station 


IOWA 
Des  Moines 
Dubuque 
Sioux  City 
Waterloo 

KANSAS  x 
Concordia 
Goodland 
Topeka 
Wichita 

KENTUCKY 
Covington 
Lexington 
Louisville 

LOUISIANA 
8a ton  Rouge 
Lake  Charles 
New  Orleans 
Shreveport 

MAINE  ^ 
Caribou. 
Portland 

MARYLAND 
Baltimore 

MASSACHUSETTS 
Blue  Hill 
80s ton 
Worcester 

MICHIGAN 
Detroit  Metro 
Flint 

Grand  Rapids 
Lansing 

Sault  St.  Marie 

MINNESOTA 
Ouluth 
International  Falls 
Mlnneapol is 
St.  Cloud 

MISSISSIPPI 
Jackson 
Meridian 


Jan. 


1. 

Feb. 

Ttar. 

Apr. 

May 

June 

July 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

Annual 
Total 

Normals 
Jan. -Dec 

0 

0 

0 

19 

36 

203 

385 

283 

104 

20 

0 

0 

1050 

928 

0 

0 

0 

9 

3 

112 

266 

1*4 

29  _ 

8 

0 

0 

.  571 

606 

0 

0 

0 

13 

26 

181 

359 

294 

89 

7 

0 

0 

§69 

932 

0 

0 

0 

10 

10 

131 

282 

175 

55 

5 

0 

0 

668 

* 

675 

0  ■ 

0 

0 

10 

29 

246  . 

458 

443 

182 

*32 

0 

0 

1400 

1302 

0 

0 

Q 

0 

22 

149 

357 

275 

64 

1 

0 

0 

868 

92% 

0 

0 

r 

34 

40 

242 

410 

376 

171 

20 

0 

0 

1294 

1361 

0* 

0 

2 

19 

32 

270 

420 

464 

187 

23 

0 

0, 

1417 

1673 

0 

0 

6 

59 

28 

207 

276 

202 

>39, 

5 

0 

>  0 

822 

1080 

0 

0 

*  9 

30 

26 

193 

257 

205 

M6 

4 

0 

0 

770 

1197 

0 

■  0 

21 

47 

51 

243 

372 

294 

>  K 

92 

10 

/ 

0 

1130 

1268 

2 

25 

82 

123 

195 

394 

506 

501 

"367 

51  . 

f  2 

0 

2248 

2585 

0 

Ci 

70 

177 

*  234 

400 

490 

'503 

383 

47/ 

4 

0 

2281 

2739 

4 

1  ft 
1  0 

100 

1 32 

234 

404 

509 

390 

eJ 

13 

0 

2390 

2706 

2 

26 

58 

116 

112 

326 

428 

/432 

288 

7 

0 

1843' 

2538 

n 
u 

n 
u 

0 

0 

6 

104 

52 

•  4 

lo 

*  0 

0 

231 

128 

n 

n 
u 

g 

q 

2 

128 

80 

"  93 

5 

0 

*  0 

908 

252 

a 

1 

0 

58 

51 

315 

317 

284 

114 

9 

\  0 

0 

1149 

1108 

0 

0 

0 

48 

13 

184 

171 

150 

30 

3 

0 

0 

599 

457 

0 

0 

0 

43 

25 

276 

251 

231 

61 

8 

0 

0 

895 

661 

0 

0 

0 

37 

7 

154 

110- 

119 

16 

0 

'  0 

0 

443 

387 

0 

0 

0 

30 

10 

102. 

246 

182 

53 

3 

n 
U 

n 
u 

/uo 

6*54 

0 

0 

0 

20 

5 

155 

196 

140 

41 

3 

0 

0 

*5So 

438 

0 

0 

0 

27 

4 

158 

239 

161 

49 

0 

0 

0 

638 

575 

0 

0 

0 

25 

-  4 

162 

198 

121 

45 

1 

0 

0 

556 

530 

0 

0 

0 

3 

2 

29 

33 

QO 
OO 

1 2 

U 

u 

n 
u 

1  Of 

1 39 

0 

0 

0 

0 

0 

53 

75 

117 

26 

0 

0, 

271 

176 

0 

0 

0 

0 

0 

80 

76 

98 

27  \ 

0 

0 

■  281 

176 

0 

0 

0 

14 

14 

223 

351 

269 

72 

0 

0 

950 

585 

0 

0 

0 

5 

0 

122 

193 

197 

40 

0 

0 

557 

426 

0 

17 

.  52 

76 

116 

357 

497 

481 

300 

47 

*  0 

0 

1943 

2321 

0 

8 

33 

36 

57 

268 

409 

389 

220 

18 

0 

0 

1438 

2231 

ERIC 


.608 
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1976 


N 

State  and  Station 

Jan. 

Feb. 

Mar.  • 

Apr. 

May 

June 

July* 

Aug. 

Sept. 

Oct. 

Nov. 

Oec. 

Total 

'Jan.*  Oec. 

.  \ 

MISSOURI' 
Columbia  Regional . 
Kansas  City 
St.  touts^ 
Springfield1 

0 
0 
0 
0 

0 
0 
0 
0 

04 
0 
,  8 
7 

22 
1  22, 
38 
20 

21 
29 

34. 
2^ 

160 
199 

409 
444 

458  ' 
v  367 

326 
399 
298 
305 

130 
169 
129 

22 
34 

25 

—  29 

0 
0 
0 

— o- 

0 
0 
0 

— 0 

1090 
1296 
1229 
— 1085 

1269 
1420 
1475 

-  -  1382 

* 

MONTANA 
61 1  Tings 
Glasgow 
Great  Falls 
Havre 
Helena 
Missoula 

A 

u 
0 
0 
0 
0 
0 

n 

u  - 

0 

0 

0 

0 

0 

A 

  u 

0 
0 
0 

TT 
0 

o 

0 

-0 
0 
0 
0 

1 

•  9 
6 
2 
0 
0 

21 
41 
51 

'  36 
14 
21 

276 
\to 
174 
220 
102 
89 

200 
172 
'116 
193 
45 
41 

49 
-35 
37 
42 
10 
7 

0 
0 
5 
3 
u 
0 

0 
0 
0 
0 
U 
0 

0 
0 
0 
0 

ft 

u 
0 

r  547 
437 
389 
496 

1  71 
ill 

158 

498 
438 
339 
395 
256 
188 

* 

NEBRASKA 
Lincoln- 
Norfolk 
'    North  Platte 
.  Omaha 
Scottsbtuff 

NEVADA 
Ely 

Las  Vegas 
Reno 

0 
0 
0 
0 
0 

0 
0 
0 

0 
0 
0 
0 
0 

0 
0 
0 

0 
0 
0 
0 
0 

0 
2 
0 

15 

A- 

21 
0 

0 
57 
0 

26 
32 
5 
34 
18 

b 

404 
0 

216 
200 
62 
240 
146 

18 

500 
25 

413 
387 
247 
.  440 

359 

103 
687 
144 

354 
324 
192 
358 
240 

2 

641 
34 

144 

100 
21 

139 
66 

4 

419 

33 

10 
6 
0 

17 
1 

0 

93 
0 

0 
0 
0 
0 

0  - 

0 
6 
0 

0 
0 
0 
0 
0 

0 
0 
0 

1178 
1060 

533 
1249 

830 

127 
2809 
236 

1148 

925 
002 
'  1173 

j  see 

2946 

32$ 

NEW  HAMPSHIRE 
Concord  . 
Mt.  Washington 

0 
0 

0 
'  0 

a 

\  0 

18 
0 

9 
0 

184 

r  0 

100 
0 

99 
0 

8 
0 

1 

ft 
u 

0 

A 

u 

0 

ft 
u 

419 

o 

349 

o 

• 

NEW  JERSEY 
Atlantic  City 
Newark 
Trenton 

0 
0 
*0 

0 
0 
0 

-  D 
0 
0 

13 
50 

-52 

15 
30 
34 

201 
281 
283 

238 
317 
292 

221 
305 
281 

74 
110 
105 

3 
6 
6 

0 
0 
0 

0 
0 

o< 

765 
1099 
1053 

864 
1024 
968 

NEW  MEXICO 
Albuquerque  \ 
Claytok 
RoswellV 

0 

0 
0 
0 

0 
0 

7 

0 
0 

-57 

38 
7 

159 

260* 

152 

436 

382 
429 

319, 
240 
478 

137 
81 
'  211 

5 
3 
9 

o  ■ 

0 
0 

0 
0 
0 

1141 

727 
1786 

1316 
767 
1560 

NEW  YORK  \  t 
Albany  \ 
Buffalo    \\  / 
Rochester  ^v^/ 
Syracuse 

/  oj 

r 

0 
0 

Oi 
0 

0 
0 
0 
0. 

19 
8 
24 
16 

•    11  , 
7 
9 
2 

184 
149 
189 
141 

120 
109 
150 
84 

120 
119 

138 

83 

22 
40 
55 
•  31 

0 

1 

0 

0 
0 
0 
0 

0 
0 
0 
0 

476 
.  432 
566 
357 

* 

574 
437 
531 
551 

'609 


Table  13.  Continued. 


1976 


m 
i 

s: 
a? 
^< 
-o 

CO 

n> 


State  and  Station 

Jan. 

Feb. 

Mar.^ 

Apr* 

May 

June  * 

July  ■ 

Aug. 

^epc » 

ft/*  f 

Nov. 

Dor 

Annua  1 
Total 

Normals 
Dec. -Jan. 

NORTH  CAROLINA 

35 

545 

072 

Ashevi 1 le 

0 

0 

0. 

0 

5 

135 

198 

.  1 70' 

2 

0 

0 

Charlotte 

0 

2 

1 1* 

43 

76 

99Q 
COO 

1/H 

1  Aft 
1 10 

0 

0 

1255 

1596 

uicclliuui  u 

o 

4 

14* 

71 

55 

212 

344, 

257 

82 

9 

0 

'  0 

1048 

1341 

Raleigh 

0 

3* 

31 

71 

116 

304 

4^8 

330 

157 

19 

0 

0 

1,459  . 

1394 

OHIO 
Akron 

0 

0 

0 

16 

14 

139 

132 

1  Al 
IU1 

99 

C  c 

n 
u 

u 

0 

*424 

634 

Cleveland 
'   Columbus  ' 

0 

0 

3 

23 

14 

Jo/ 

1  Jo 

10 

J? 

c 

A 

u 

0 

600 

613 

0 

0 

3 

23 

23 

174 

1  1C 
1  JO 

9*; 

9 
c 

A 

u 

0 

608 

809 

Dayton 

o 

"  0 

— zT 

— ^0~ 

27 

175 

259  . 

147 

28 

1 

0 

0 

669 

936 

Toledo 

0 

0 

0* 

31 

10 

155 

230  ' 

137 

34 

-  2 

-  0 

0 

 599 

685 

OKLAHOMA 
Oklahoma  City 

0 

1 

23* 

33 

62 

300 

loo 

C  1  9 

0  1  c 

"   9K  1 

£.ft 

0 

0 

1 702 

/l876 

Tulsa ^ 

0 

6 

7* 

28 

CO 

be 

9A7 

K9n 

OcU 

A  Al 

9£A 
CDO 

48 

0 

0 

'1685 

1949 

OREGON 
Eugene 
Medford 

0 

0 

0 

•  0 

J 

1  9 

82 

30 

3 

0 

0 

231 

239 

0 

0 

0 

0 

6 

1A 
JH 

9  1  C 
C  1  0 

11ft 

*  00 

5 

0 

0 

436 

562 

rcnu  i  cluii 

o 

0 

0* 

0 

20 

53 

270 

129 

103 

3 

0 

0 

578 

656 

Portland 

0 

0 

6 

0 

4 

23 

89 

66 

30 

4 

0 

0 

216 

300 

Salem  ' 

0 

0 

0 

-  0 

0 

6 

59 

48 

16 

3 

0 

0 

132 

232 

PENNSYLVANIA 

339 

373 

Erie. 

ttarrisburg 

D* 

0  , 

cu 

io 

5 

98 

81 

no 

33 

2 

*  0 

0 

0 

0 

0* 

47 

22 

*  283 

233 

240 

73 

^  3 

0 

0 

901 

1025 

Philadelphia 

0 

0 

0* 

64 

58 

326 

326 

315 

U5 

7 

0 

0 

1211 

1104 

Scranton 

0 

0 

46 

16 

198 

145 

159 

37 

0 

0 

0 

601 

608 

RmU)E  ISLAND 
Block  Island 

138 

21 

359 

0 

0 

0 

1U 

1  AA" 

1  9ft' 

1  CO 

0 

0 

631 

Providence 

ov 

0 

0 

t 

40 

13 

196 

163 

X,  183 

33 

3 

0 

0 

* 

532 

SOUTH  CAROLINA 
Charleston 

2 

9 

73 

70 

187* 

329 

502 

384 

i 

in 

52 

2 

1 

1885 

°2076 

Columbia 

2 

10 

58 

87 

160 

295 

460 
1 

4t42 

231 

30 

0 

0 

1775 

2087 

SOUTH  DAKOTA 

75 

0 

891 

711 

Huron 

0 

0 

0 

0 

2 

170. 

313 

328 

3 

0 

Rapid  City 
Sioux  Falls 

0 

0 

% 

0 

4 

83 

251 

248 

87 

3 

0 

.  0 

676 

661 

0 

0 

2 
\ 

?4 

?26 

370 

324 

85 

9  . 

0 

0 

1040 

« 

719 

610 


_ERJC 


Table  13,  Continued, 


State  and  Station 


TENNESSEE 
Bristol 
Knoxville 
Memphis 
Nashville 
Oak  Ridge 

TEXAS 
Amarillo 
Justin 
Brownsville 
Corpus  Christi 
Dallas/Ft.  Worth 
El  Paso 
Galveston 
Lubbock 
Hidland 
San  Antonio 

UTAH 
Hi  I  ford 

Salt  Lake  City  * 

VERMONT 
Burl ington 

VIRGINIA 
Norfolk 
Richmond 
Roanoke 

Wallops  Island 

WASHINGTON 
Olytnpia  ' 
^Seattle 
Spokane 
Yakima 

WEST  VIRGINIA  ' 
Beck ley 
Charleston 
Huntington 
Parkersburg  ' 

WISCONSIN 
Green  Bay 
La  Crosse 
Had! son 
Milwaukee 

WYOMING 
Casper 
Cheyenne  i 
LanaV 

Sheridan  1 


Jan. 


0 
0 
0 
0 
0 

0 
'0 
41 
25 
0. 
0 
0 
0 
0 
3 

.0 
0 


Feb. 


0 
3 
7 
1 
) 

0 
57 
97 
84 
32 
0 
6 
1 

10 

62 

0 
0 


0 
0 
0 
0 

0 
1 
1 

0 

0 
0 
0 
0 

0 
0 
0 
0 


Mar. 


2 
1 

44 

20 
0 

0 
85 
216 
170 
59 
4 

40 
0 
21 
113 

0 
0 


W11 


Apr. 


14 

26 
64 
36 
6 


283  1 
265 

52 

71 
156 

45 

68 
136 


24 

102 
99 
53 
16 

a 

4 
0 
0 

30 
58 
51 
49 

8 
5 
14 
24 

0 
0 
0 
0 


Hay 

June 

July 

Aug. 

Sept. 

Oct. 

Nov. 

Oec. 

OA 

262 

212 

54 

0 

0 

0 

AQ 

011  < 

■>cc 

J  DO 

314 

107 

.  b 

0 

0 

RA 

ol 

J4V 

519 

438 

247 

48 

0 

0 

68 

257 

363* 

299 

92 

10 

0 

0 

17 

187 

273 

234 

53 

0 

,  0 

p 

32 

223 

312 

318  . 

110 

5 

0 

0 

186 

451 

479 

577 

401 

61 1 

b 

.n 
*u 

343 

507 

511 

547 

509 

190 

59 

24 

299 

505 

510 

563 

498 

1-36 

31 

<3 

138 

421 

537 

602 

338 

72 

0 

0 

170 

AAl 
111 

A  Kn 
1  ro 

HJH 

173 

18 

0 

0 

259 

HOf 

310 

D3U 

445 

113 

I 

w 

0 

93 

ICO 

11  7 

Aflft 
HKfQ 

187 

4 

0 

0 

155 

398 

344 

434 

219 

22 

0 

>  0 

202 

451 

467 

521  . 

383 

45  ^ 

0 

0 

0 

55 

JUO 

1  0  I 

o 

o 

o' 

1A 

J4 

431 

A  11 

87  1 

•  3 

o 

0 

19 

185 

135 

97 

23 

0 

0 

0 

110 

337 

417 

347 

193 

27 

0 

0 

91 

307 

389 

337 

133 

12 

0 

0 

49 

179 

285 

230 

58 

1 

0 

0 

17 

194 

288 

274 

146 

19 

0 

0 

0 

2 

9 

3 

0 

0 

0 

0 

1 

6 

41 

14 

7 

0 

0 

•  0 

o 

24 

143 

93 

33 

0 

0 

0 

0 

27 

156 

103 

50 1 

0 

0 

0 

7 

90 

127 

86 

6 

0 

0 

0 

54 

218 

238 

175 

39 

-  1 

0 

0 

59 

224 

244 

228 

32 

4 

0 

0 

39 

180 

229. 

184 

41 

3 

0 

0 

1 

129 

219 

122 

41 

0 

0 

0 

7 

167 

304 

228 

60 

«10 

0 

0 

6 

136 

270 

165 

34 

2 

0 

0 

5 

144 

24> 

161 

62 

4 

0 

0 

0 

29 

J  250 

127 

0 

0 

0 

0 

7 

145 

50 

15 

0 

0 

0 

1 

41 

238 

84 

30 

0 

0 

0 

0 

28 

211 

115 

28 

0 

0 

o 

err 


Annua  1 
Total 


753 
1133 
1800 
1154 

771 

1013 
2418 
3327 
3089 
2251 
1735 
2549 
1422 
1671 
2383 

512 
943 

483 

1558 
1305 
863 
954 

14 

73 
293 
336 

356 
801 
867 
74  \ 

520 
781 
627 
667 

394N 
382 


ERIC 


TABLE  15.^  HEAT  LOSS  FOR  VARIOUS  PIPE  SIZES,  INSULATION  THICKNESSES, 

/AND  yATER  TEMPE/RATURES .  J 


6000 


9 

ERIC 


4000 


H£AT  tOSs/ 
BTU/HR/  10  F/T 
PIPE  LENGTH 


PIPE  SIZE 
INCHE8  \ 


Page  .194/EA-WB 


Hi 


PIPE  '  SIZE  INCHES 


•  TABLE  17.    AVERAGE  HOT  WATER  CONSUMPTION  FOR 

VARIOUS  INSTITUTIONS. 


— - — J  

Institution  B 

Average  Daily  Consumption 

Dormitories 
HospitaTs 

Elementary  Schools 
#Jr.  &  Sr.  High  Schools  1 
Office  Buildings 

13  gallons/student 
18  gallons/bed 

1  gallon/student 

2  gallons/student  , 
°  1  gal lon/person 

TABLE. 18.    SOLAR  INSOLATION  FOR  COI^ECTORS  TILTED  10°  PLUS 
NORTH  LATITUDE  FROM  HORIZONTAL. 


Degrees  North  Latitude 


—  -Sol  a-r»- -I-nso-l-a-t-4-on- 


24° 
28° 
32° 
36° 
40° 
44° 
48° 
52° 
56° 


/ 


(Btu/yr/ft2) 


815,100 
800,800 
786,500 

"  766,800 
747,000 
717,900 
688,700 
647,100 

'605*600 
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